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ABSTRACT
SYNTHESIS AND DETERMINATION OF THE ABSOLUTE CONFIGURATION OF 
3-METHYL- 6 ,  7-BENZ0-3-AZARICYCL0[3 . 3 .  l l N0NEN-9-0NE •, 
DEVELOPMENT OF A SECTOR RULE 
FOR THE OPTICALLY ACTIVE PHENYL CHROMOPHORE
by
JAMES CONNOR
The 6 , 7 - b e n z o m o r p h a n  ( I )  a n a l o g ,  3 - m e t h y 1 - 6 , 7 - b e n z o -  
3 - a z a b i c y c l o [ 3 , 3 ,  l ”l n o n e n - 9 - o n e  ( I I )  ( n i t r o g e n  a t  p o s i t i o n  3 
i n s t e a d  o f  2 ) ,  was p r e p a r e d  v i a  t h e  Mann i c h  r e a c t i o n  ui i th g -  
t e t r a l o n e ,  CH^NHj and  HCHO. R e s o l u t i o n  was a c c o m p l i s h e d  w i t h  
( + ) - t a r t a r i c  a c i d .  The u v ,  o r d ,  a n d  cd s p e c t r a  wer e  d e t e r m i n e d  
i n  v a r i o u s  s o l v e n t s  and  a r e  d i s c u s s e d .  The uv s p e c t r a  g i v e  
e v i d e n c e  o f  h o m o c o n j u g a t i o n  o f  t h e  p , y - u n s a t u r a t e d  k e t o n e  
( 6 2 9 0  H 7 0 ) »  b u t  o r d  and  c d  s p e c t r a  g i v e  o n l y  l i t t l e  s u p p o r t
t o  t h i s  ( [ b I ^ qJ 5 7 2 ° ) .
I I I I I I
i x
An a l t e r n a t e  s y n t h e t i c  r o u t e  t o  I I I  was a t t e m p t e d ,  
t h e  f i r s t  s t e p  b e i n g  an a l d o l  c o n d e n s a t i o n  o f  l - m e t h y l - 4 - p i p -  
e r i d o n e  a nd  b e n z a l d e h y d e ; t h i s  g a v e  b o t h  g e o m e t r i c a l  i s o m e r s  
o f  l - m e t h y l - 3 - b e n z a l - 4 - p i p e r i d o n e  ( I V ) ,  Bot h  i s o m e r s  e x i s t  
p r e f e r e n t i a l l y  a s  t h e  e n o l  t a u t o m e r s .  A t t e m p t e d  r e d u c t i o n  
o f  IV t o  l - m e t h y l - 3 - b e n z y l - 4 - p i p e r i d i n o l  (V)  by s e v e r a l  m e t h ­
od s  qave  p r o d u c t s  whi c h  a p p e a r e d  t o  t r a p  o r  o c c l u d e  h y d r o ­
c a r b o n  s o l v e n t s  f rom whi ch  t h e y  c o u l d  he s e p a r a t e d  o n l y  by 
s t r o n g  h e a t i n g .  A t t e m p t e d  c y c l i z a t i o n  o f  V t o  I I I  w i t h  PPA 
a n d  w i t h  qave  o n l y  u n s a t u r a t e d  p r o d u c t s .
The o r d ,  c d ,  a nd  uv s p e c t r a  o f  a s e r i e s  of  d e r i v a t i v e s  
o f  I were  r e c o r d e d  f o r  t h e  f r e e  b a s e s  and  h y d r o h a l i d e  s a l t s .
I n  a n o r ma l  c d  s p e c t r u m  t h e  c ompounds  e x h i b i t  a l o n g  wave-  
l e n q t h  C o t t o n  e f f e c t  n e a r  280 nm,  and a s e c o n d ,  a n t i p o d a l  
C o t t o n  e f f e c t  n e a r  230 nm. The o n l y  e x c e p t i o n s  a r e  t h e  b a s e  
f o r ms  o f  N - p h e n e t h y l  d e r i v a t i v e s ,  i n  whi ch  c a s e s  t h e  230  nm 
b a n d  e x h i b i t s  r e v e r s a l  o f  s i q n .  The o r d  and  cd s p e c t r a  o f  
B - ( - ) - 3 , 5 , 9 - t r i m e t h y l - I  were  r e c o r d e d  f rom 3 2 5 - 1 8 5  r.m . I n  
b o t h  modes  an  i n t e n s e  C o t t o n  e f f e c t  was o b s e r v e d  a t  18B nm
A s e c t o r  r u l e  f o r  t h e  p h e n y l  c h r o m o p h o r e  was p o s t u ­
l a t e d  f o r  t h e  C o t t o n  e f f e c t  a t  280 nm, A p p l i c a t i o n  o f  t h i s  
t o  o r d  and cd  s p e c t r a  o f  a number  o f  m o r p h i n a n  and  m o r p h i n e  
d e r i v a t i v e s  g i v e s  e x c e l l e n t  c o r r e l a t i o n  i n  e v e r y  c a s e .
The D - l i n e  and  H£5 4 6 - l i n e  r o t a t i o n s  a r e  r e p o r t e d  f o r  
d e r i v a t i v e s  o f  I ,
x
INTRODUCTION
The Opium A l k a l o i d s  and  S y n t h e t i c  A n a l g e s i c s
Feui n a t u r a l  p r o d u c t s  h a v e  b e e n  u t i l i z e d  a s  b e n e f i ­
c i a l l y  and  d e l e t e r i c u s l y  f o r  t h e  u u e l l - b e i n g  o f  ma n k i n d  a s  
t h e  opium a l k a l o i d s .  The po we r s  o f  p r o d u c i n g  a n a l g e s i a ,  
e u p h o r i a ,  h a l l u c i n o s i s ,  a nd  a d d i c t i o n  h a v e  b r o u g h t  t o  them 
a t t e n t i o n  w h i c h ,  a t  t i m e s ,  h a s  r i v a l e d  t h a t  g i v e n  t h e  more  
e l e m e n t a r y  c h e m i c a l ,  e t h a n o l .
The f i r s t  c h e m i c a l  m a n i p u l a t i o n s  p e r f o r m e d  on t h e  
c r u d e  n a t u r a l  p r o d u c t  a r e  p r o b a b l y  l o s t  f o r e v e r  i n  h i s t o r y ,  
b u t  one m i g h t  t a k e  t h e  l i b e r t y  t o  s u r m i s e  t h a t  t h e y  wer e  n o t  
d i r e c t e d  t o w a r d  t h e  e n h a n c e m e n t  o f  t h e  m e d i c i n a l  a s p e c t s  o f  
t h e  s u b s t a n c e .  Howeve r ,  by t h e  b e g i n n i n g  o f  t h e  l a s t  c e n t u r y ,  
more  a l t r u i s t i c  g o a l s  we r e  b e i n g  p u r s u e d  and  i n  1806 M, Ch a p -  
t a l  w r o t e i
"Opium c o n t a i n s  a s t r o n g  and  n a r c o t i k  ( s i c )  
a r o ma ,  f rom whi ch  i t  i s  i m p o s s i b l e  t o  c l e a r  i t , , ,
"By l o n g  d i g e s t i o n  i n  h o t  w a t e r  t h e  v o l a t i l e  
o i l  becomes  a t t e n u a t e d ,  i s  d i s e n g a g e d ,  and  c a r r i e s  
t h e  a r oma  w i t h  i t *  so  t h a t  by t h i s  means  t h e  o i l  
and  a r oma  may be s e p a r a t e d ,  a t  l e a s t  f o r  t h e  mo s t  
p a r t .  I t  h a s  been  o b s e r v e d  t h a t  opium d e p r i v e d  o f  
t h i s  o i l ,  a p o r t i o n  o f  i t s  a r o ma ,  and i t s  r e s i n ,  
p r e s e r v e d  i t s  s e d a t i v e  v i r t u e ,  w i t h o u t  b e i n g  
n a r c o t i k  ( s i c )  and s t u p i f y i n g , " !
A q u a r t e r  o f  a c e n t u r y  l a t e r  i t  i s  a p p a r e n t  t h a t  a
q r e a t  d e a l  had  bee n  l e a r n e d  o f  t h e  n a t u r e  o f  op i um,  and
c h e m i s t s  were  b e g i n n i n g  t o  r e c o g n i z e  i t  a s  a c o m p l i c a t e d
mi x t u r e  t
" Mo r p h i a  i s  t h e  n a r c o c t i c  ( s i c )  p r i n c i p l e  o f
1
2o p i u m.  Opium,  b e s i d e s  m o r p h i a ,  c o n t a i n s  m e c o n i c  
a c i d , n a r c o t i n e , gum, r e s i n o u s . e x t r a c t i v e  and  
c o l o u r i n g  m a t t e r , and  a s m a l l  q u a n t i t y  o f  c a o u t c h o u c , 
o r  I n d i a n  r u b b e r ,
" I f lorphia e x i s t s  i n  t h e  op i um,  c o mb i n e d  w i t h  
me c o n i c  a c i d ,  f o r m i n g  m e c o n a t e  o f  m o r p h i a . . . " 2
A f t e r  a d e s c r i p t i o n  o f  t h e  e x t r a c t i o n  p r o c e d u r e  o f  
b o t h  " m o r p h i a "  and  n a r c o t i n e ,  i t  i s  s t a t e d  o f  t h e  l a t t e r i
"The u n p l e a s a n t  p r o p e r t i e s  o f  opi um a s  a m e d i ­
c i n e ,  a r e  a t t r i b u t e d  t o  t h i s  s u b s t a n c e ,  a n d  p e r ­
h a p s  t h e  d i f f e r e n t  e f f e c t s  o f  t h e  s a l t s  o f  m o r p h i a  
f rom op i u m,  a r e  o n l y  owi ng t o  t h e i r  n o t  c o n t a i n i n g  
n a r c o t i n e . " 2
Of c o u r s e  i t  i s  now known t h a t  opi um i s  much more 
c o mp l e x  t h a n  even  t h i s ,  A r a t h e r  l a r g e  number  o f  a l k a l o i d s  
h a v e  been i s o l a t e d  f rom t h e  s u b s t a n c e ,  among t h e  more  i m­
p o r t a n t  b e i n g  m o r p h i n e  ( . 1) ,  c o d e i n e  ( 2 ) ,  and  t h e b a i n e  ( 3 ) .
N-CH
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I t  i s  w e l l  known t h a t  t h e  p u r e  s u b s t a n c e s  a r e  s t i l l  
n o t  w i t h o u t  d e l e t e r i o u s  e f f e c t s .  C h e m i s t s  h a v e  e n d e a v o r e d  
t o  m o d i f y  t h e  s t r u c t u r e  i n  a ma n n e r  s u c h  t h a t  a n a l g e s i a  may 
be p r o d u c e d  w h i l e  u n d e s i r a b l e  p r o p e r t i e s  may be d i m i n i s h e d  
o r  e l i m i n a t e d .
S y s t e m a t i c  c h a n g e s  o f  t h e  m o r p h i n e  m o l e c u l e  t o  m o d i f y
3t h e  a n a l g e s i c  p r o p e r t i e s  wb t s , f o r  t h e  mo s t  p a r t ,  p a r a l l e l e d
3 4by c h a n g e s  i n  a d d i c t i o n  l i a b i l i t y ,  * V a r i o u s  a t t e m p t s  wer e  
ma de ,  w i t h  l i t t l e  s u c c e s s ,  t o  s y n t h e s i z e  m o l e c u l e s  c o n t a i n i n g  
t h e  a n a l g e s i c - p r o d u c i n g  p o r t i o n  o f  m o r p h i n e  b u t  h o p e f u l l y  
l a c k i n g  t h e  o t h e r  p r o p e r t i e s .  The b a s i c  m o l e c u l e  was c o n ­
s i d e r e d  a s  a p h e n a n t h r e n e , a d i b e n z o f u r a n , a p i p e r i d i n e ,  and  
o t h e r s .  I n  1939 E i s l e b  and  Sch a u ma n 3 *0 p r e p a r e d  m e p e r i d i n e  
( 4^  whi ch  was f o u n d  t o  e x h i b i t  m o r p h i n e - l i k e  a c t i v i t y .
7The d e v e l o p m e n t  o f  m e t h a d o n e  ( 5 )  l e d  r e s e a r c h e r s  
t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  a n a l g e s i a - p r o d u c i n g  a c t i ­
v i t y  i n  m o r p h i n a n s  (6,)® and 6 , 7 - b e n z o m o r p h a n s  ( 7 ) . ^
46  cxH3 E t - C  N-CH
5 6 7
(may and  c o - w o r k e r s 4 h a v e  d e s c r i b e d  t h e  p r e p a r a t i o n
and m e d i c i n a l  p r o p e r t i e s  o f  a l a r g e  number  o f  d e r i v a t i v e s  o f  
l_t some o f  whi ch  h a v e  become q u i t e  i m p o r t a n t  a s  a n a l g e s i c  
a g e n t s .
a t o m s ,  and  C^.  The number  of  s t e r e o i s o m e r s  i s  r e s t r i c t e d  
by r i n g  s t r a i n  a t  t h e  b r i d g e h e a d  p o s i t i o n s  i n  s u c h  a ma n n e r  
t h a t  when R2  i s  h y d r o g e n  t h e r e  e x i s t s  o n l y  one  e n a n t i o m e r i c  
p a i r ,  UJhen R2 i 9  n o t  h y d r o g e n ,  t h e  s u b s t i t u e n t  may be e i t h e r  
c i s  o r  t r a n s  w i t h  r e s p e c t  t o  R^.  T h u s ,  f o r  e a c h  e n a n t i a m e r ,  
t h e r e  e x i s t s  t h e  p o s s i b i l i t y  o f  two d i a s t e r e o m e r s  whi ch  a r e  
d e s i g n a t e d  f o r  c i s  and  t r a n s  a s  " a "  a nd  " 0"  r e s p e c t i v e l y .
F o r  e v e r y  compound i n  t h e  s e r i e s  t h e r e  s h o u l d  e x i s t  two e n a n ­
t i o m e r i c  p a i r s  wh i ch  c a n  be s e p a r a t e d  by s t a n d a r d  t e c h n i q u e s ?  
t h e  e n i n t i o m e r i c  p a i r s  may be r e s o l v e d  i n t o  t h e  o p t i c a l l y  
a c t i v e  a n t i p o d e s .  T h i s  h a s  been  a c c o m p l i s h e d  by E,  L,  Way 
and c o - w o r k e r s 4 , l e a d i n g  t o  t h e  o b s e r v a t i o n  t h a t  t h e  1 e v o -
a g
i s o m e r  p o s s e s s e s  mo s t  o f  t h e  a n a l g e s i c  a c t i v i t y  i n  t h i s  s e r i e s , *
The r i n g  s y s t e m  o f  7 p o s s e s s e s  two a s y m m e t r i c  c a r b o n
5The r e s o l u t i o n  o f  t h e s e  c ompounds  i s  o f  e ve n  b r o a d e r  
i n t e r e s t  t o  t h e  o r g a n i c  c h e m i s t .  Mos t  n a t u r a l  p r o d u c t s  
o c c u r  i n  o p t i c a l l y  a c t i v e  f o r ms  i f  m o l e c u l a r  d i s s y m m e t r y  
e x i s t s .  I n  many i n s t a n c e s ,  s y n t h e t i c  c ompounds  o f  o p p o s i t e  
c o n f i g u r a t i o n  p o s s e s s  l i t t l e  o r  n o n e  o f  t h e  a c t i v i t y  o f  t h e  
n a t u r a l  p r o d u c t .  Hence i t  i s  o f  c o n s i d e r a b l e  i m p o r t a n c e  t o  
know t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  b o t h  t h e  n a t u r a l  p r o d u c t s  
u n d e r  c o n s i d e r a t i o n  and t h e  s y n t h e t i c  d e r i v a t i v e s  p r e p a r e d  
t o  e m u l a t e  t h e m .  I t  wo u l d  be i n e f f i c i e n t  t o  p r e p a r e  a n d  r e ­
s o l v e  a r a c e m i c  m o d i f i c a t i o n  i f  i t  we r e  p o s s i b l e  t o  s y n t h e s i z e  
d i r e c t l y  t h e  d e s i r e d  s t e r e o i s o m e r .  T h i s ,  h o w e v e r ,  p r e s u p p o s e s  
e i t h e r  a f o r e k n o w l e d g e  o f  t h e  a b s o l u t e  c o n f i g u r a t i o n  o r  a 
s t r a i g h t f o r w a r d  me t hod  o f  d e t e r m i n i n g  i t .  Bo t h  o f  t h e  me t h o d s  
c o n s i d e r e d  t o  g i v e  u n e g u i v o c a l  r e s u l t s ,  d e g r a d a t i o n  t o  com­
p o u n d s  o f  known c o n f i g u r a t i o n  and  X - r a y  a n a l y s i s ,  a r e  l a b o r i o u s  
and  t i m e - c o n s u m i n g .
E x c e p t  i n  r e a c t i o n s  w i t h  o t h e r  d i s s y m m e t r i c  s p e c i e s ,  
e n a n t i o m e r s  b e h a v e  i d e n t i c a l l y  c h e m i c a l l y ,  a n d ,  f o r  t h e  mos t  
p a r t ,  e x h i b i t  i d e n t i c a l  s p e c t r o s c o p i c  p r o p e r t i e s .  The e x c e p ­
t i o n  i s  t h e i r  i n t e r a c t i o n  w i t h  p l a n e - p o l a r i z e d  and  c i r c u l a r l y -  
d i c h r o i s e d  l i g h t  t o  g i v e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  a nd  
c i r c u l a r  d i c h r o i s m  s p e c t r a .
The w e l l - k n o w n  o c t a n t  r u l e * ^ * ^  f o r  k e t o n e s  h a s  been  
e mp l o y e d  t o  a s c e r t a i n  t h e  a b s o l u t e  c o n f i g u r a t i o n s  o f  l a r g e  
n u mb e r s  o f  c o mp o u n d s .  Of  c o u r s e  many o r g a n i c  compounds  do 
n o t  c o n t a i n  t h e  c a r b o n y l  f u n c t i o n  whi ch  i s  n e c e s s a r y  f o r  u t i ­
l i z a t i o n  o f  t h i s  m e t h o d .  However ,  t h e  s u c c e s s  o f  t h e  o c t a n t
r u l e  h a s  l e d  r e s e a r c h e r s  t o  s e e k  s i m i l a r  " r u l e s "  f o r  o t h e r  
c h r o m o p h o r e s . Once i t  h a d  been  a s c e r t a i n e d  t h a t  t h e  p h e n y l  
q r o u p  s i t u a t e d  i n  a d i s s y m m e t r i c  e n v i r o n m e n t  uias c a p a b l e  o f  
e x h i b i t i n g  o p t i c a l  a c t i v i t y ,  a t t e m p t s  wer e  made t o  f o r m u l a t e  
s u c h  a r u l e  f o r  i t .
HO
Amonq t h e  f i r s t  s y s t e m s  u s e d  f o r  m o d e l s  wer e  t h e
A m a r y l l i s  a l k a l o i d s  i n c l u d i n g  c r i n i n e  ( j i )  a n d  l y c o r i n e  ( 9 )
12 13and  r e l a t e d  c o mp o u n d s ,  and  t h e  m o r p h i n e  a l k a l o i d s ,  f I n  
many r e s p e c t s  t h e s e  compounds  we r e  w e l l  c h o s e n  f o r  s t u d y j  
t h e y  r e o r e s e n t  a wi de  r a n g e  o f  s t e r e o c h e m i s t r y ,  a nd  t h e  
a r o m a t i c  r i n g  i s  r i g i d  w i t h  r e s p e c t  t o  t h e  r e m a i n d e r  o f  t h e  
m o l e c u l e  ( a  n e c e s s a r y  p r e r e q u i s i t e ) .  Howe ve r ,  t h e s e  c ompounds  
o f t e n  c o n t a i n  o t h e r  f u n c t i o n a l  g r o u p s  whi ch  t h e m s e l v e s  a r e  
c a p a b l e  o f  d e m o n s t r a t i n g  o p t i c a l  a c t i v i t y ,  t h e r e b y  c o m p l i ­
c a t i n g  t h e  s p e c t r a  o f  t h e  c h r o m o p h o r e  u n d e r  s t u d y .
The b e n z o mo r p h a n s  n o t  o n l y  e x h i b i t  t h e  a b o v e  a d v a n ­
t a g e s  b u t  a r e  n e a r l y  d e v o i d  o f  c o m p l i c a t i n g  f u n c t i o n a l  g r o u p s ,
7and  t h e  compounds  uuere made a v a i l a b l e  f o r  s t u d y  i n  o p t i c a l l y  
a c t i v e  f o r m.  The o r d  a nd  cd s p e c t r a  had  n o t  b e e n  r e p o r t e d  
when t h i s  i n v e s t i g a t i o n  was b e g u n ,  a n d  a s y s t e m a t i c  s t u d y  
o f  t h e s e  compounds  m i g h t  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  t o  
f o r m u l a t e  a s e c t o r  r u l e  f o r  t h e  6 , 7 - b e n z o m o r p h a n s , t h e  
m o r p h i n a n s ,  a n d  r e l a t e d  c o mp o u n d s .
In s u p p o r t  o f  t h i s  work i t  s eemed d e s i r a b l e  t o  s y n ­
t h e s i z e  a new s e r i e s  o f  b e n z o m o r p h a n - l i k e  c o mp o u n d s .  T h i s  
woul d  i n t r o d u c e  a nBui s e r i e s  o f  c ompounds  f o r  b i o l o g i c a l  
t e s t i n g  and p r o v i d e  a c o m p a r i s o n  t o  t h e  s p e c t r a l  d a t a  o b t a i n e d  
f o r  t h e  b e n z o m o r p h a n s , The r e q u i r e m e n t  f o r  t h i s  u n i q u e  s y s t e m  
was t h a t  t h e  compound r e t a i n  t h e  b e n z o mo r p h a n  r i n g  s y s t e m  
w i t h o u t  t h e  i n t r o d u c t i o n  o f  a d d i t i o n a l  c h r o m o p h o r e s , The 
l o g i c a l  c h o i c e  i n v o l v e d  c h a n g i n g  t h e  p o s i t i o n  o f  t h e  n i t r o g e n  
i n  t h e  r i n g  s y s t e m ,
S i n c e  p l a c i n g  t h e  h e t e r o a t o m  i n  e i t h e r  t h e  5 o r  8 
p o s i t i o n  woul d  g i v e  an a n i l i n e  c h r o m o p h o r e  and  n o t  t h e  p h e n y l  
o r  phen o x y  s y s t e m  p r e s e n t  i n  t h e  m o d e l ,  a n d  s i n c e  p l a c i n g  i t  
i n  t h e  b r i d g e h e a d  (1_) p o s i t i o n  wo u l d  g i v e  an i s o q u i n o l i n e  
and  h e n c e  a c r i n i n e  ( j 3) -  o r  l y c o r i n e  (9^) — l i k e  s y s t e m ,  i t  was 
deemed a d v i s a b l e  t o  p l a c e  i t  a t  e i t h e r  p o s i t i o n  3 o r  4 ,
P u r p o s e  o f  T h i s  I n v e s t i g a t i o n
The o b j e c t i v e  o f  t h i s  d i s s e r t a t i o n  was t o  p r e p a r e  
compounds  i s o m e r i c  w i t h  t h e  6 , 7 - b e n z o m o r p h a n s  (J7) ,  d i f f e r i n g  
c h i e f l y  i n  t h e  p o s i t i o n  o f  t h e  n i t r o g e n  a t o m .  T h e s e  woul d  
be  r e s o l v e d  a n d  t h e  o r d  a n d  c d  s p e c t r a  d e t e r m i n e d .  The r e ­
s u l t s  o f  t h e s e  s p e c t r a  woul d  be c o mp a r e d  t o  t h o s e  o b t a i n e d
8From a s e r i e s  o f  b e n z o ma r p h a n s  w i t h  t h e  e x p e c t a t i o n  o f  p o s ­
t u l a t i n g  a s e c t o r  r u l e .  The new compounds  p r e p a r e d  woul d 
be s u b m i t t e d  t o  a p p r o p r i a t e  a g e n c i e s  or  p h a r m a c e u t i c a l  h o u s e s  
f o r  s c r e e n i n g  f o r  b i o l o g i c a l  a c t i v i t i e s .
9DISCUSSION AND RESULTS
The 6 , 7 - B e n z o - 3 - a z a b i c y c l o f 3 , 3 . 1 I n o n e n e  Sy s t e m
A s u b s t a n c e  wh i c h  a p p e a r e d  t o  s a t i s f y  t h e  c r i t e r i a  
s e t  f o r t h  f o r  a u n i q u e  b e n z o mo r p h a n  a n a l o g  i s  6 , 7 - b e n z o - 3 -  
a z a b i c y c l o [ 3 , 3 , l l n o n e n e  ( l _0) ,  The r i n g  s y s t e m  had n o t  p r e ­
v i o u s l y  been r e p o r t e d ,  i t  m e e t s  t h e  c r i t e r i o n  o f  i n h e r e n t  
d i s s y m m e t r y  w i t h i n  a f u s e d  r i n g  s y s t e m ,  a n d ,  d i f f e r i n g  o n l y  
i n  t h e  p o s i t i o n  o f  t h e  n i t r o g e n  h e t e r o a t o m ,  i t  b e a r s  a c l o s e  




A p l a u s i b l e  s y n t h e t i c  r o u t e  m i g h t  be  b a s e d  on t h e  
f n l l o w i n g  d e h y d r a t i o n - c y c l i z a t i o n  r e a c t i o n  r e p o r t e d  by Cook 
and  H e w e t t . ^ 4 The a l c o h o l s  1_1, 1_2, and  1_3 g a v e  6 , 7 - b e n z o -  
b i c y c l o [ 3 , 3 , l " | n o n e n e  ( 1 4 )  i n  y i e l d s  o f  7 0 ,  5 5 ,  and  30 p e r c e n t  










U s i n g  t h i s  a s  a modal  s y s t e m ,  i t  s eemed a p p a r e n t  t h a t  
i f  t h e  c y c l o h e x a n e  r i n g  wer e  s u b s t i t u t e d  by a p i p e r i d i n e  r i n g ,  
and i f  t h e  c y c l i z a t i o n  woul d  p r o c e e d  a s  s m o o t h l y  a s  i n  t h e  
c a r b o c y c l i c  s y s t e m ,  t h i s  woul d  be an  e x c e l l e n t  me t h o d  o f  p r e ­
p a r i n g  a s e r i e s  o f  compounds  b e l o n g i n g  t o  t h e  r i n g  s y s t e m  1 0 .
1 sI n  1946 f f l cElvain a n d  R o r i g  r e p o r t e d  t h a t  s i m p l e  
b a s e  c a t a l y z e d  c o n d e n s a t i o n  o f  1 - m e t h y l - 4 - p i p e r i d o n e  a nd  
b e n z a l d e h y d e  gave  l - m e t h y l - 3 - b e n z a l - 4 - p i p e r i d o n e  ( l _5) ,  a 





R e d u c t i o n  o f  JJi t o  t h e  c o r r e s p o n d i n g  a l c o h o l  ( 1 6 ) ,  
f o l l o w e d  by c y c l i z a t i o n ,  woul d  q i v e  3 - m e t h y l - 6 , 7 - b e n z o - 3 -  
a z a b i c y c l o [ 3 . 3 . l 1 n o n e n e  ( 1 7 ) .
15 l a l P a O l O >
16 17
The a l d o l  c o n d e n s a t i o n  g e n e r a l l y  q a v e  good y i e l d s  
o f  l j j  w i t h  t h e  m a j o r  m o d i f i c a t i o n s  c o n s i s t i n g  o f  g r e a t l y  i n ­
c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  t h e  r e a c t a n t s  a n d  p e r i o d i c a l l y  
r e m o v i n g  t h e  l i g h t  y e l l o w  s o l i d  wh i ch  s l o w l y  f o r m e d .  The 
m a j o r  p r o d u c t  15a  was i d e n t i c a l  t o  t h a t  r e p o r t e d *  an i s o m e r i c  
y e l l o w  s o l i d  ( 1 5 b ) was i s o l a t e d  a n d  i s  d i s c u s s e d  b e l o w .
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The m a j o r  p r o d u c t ,  1 5 a , i s  n e a r l y  w h i t e  a n d  m e l t s  a t  
a r e l a t i v e l y  h i g h  t e m p e r a t u r e  ( 2 2 6 ° ) .  E x a m i n a t i o n  o f  t h e  
i n f r a r e d  s p e c t r u m  ( F i g .  l )  r e v e a l e d  t h a t  t h e  o n l y  band  uihich 
m i g h t  be  a s c r i b e d  t o  t h e  c a r b o n y l  f u n c t i o n  was one  o f  medium 
i n t e n s i t y  a t  1640 cm"* ,  w e l l  o u t s i d e  t h e  n o r ma l  r a n g e  o f  
a , 8 - u n s a t u r a t e d  k e t o n e s , * ^  F o r  c o m p a r i s o n ,  t h e  s p e c t r u m  o f  
d i b e n z a l a c e t o n e  ( i j l )  was d e t e r m i n e d .  I t  a l s o  showed no c a r ­
b o n y l  a b s o r p t i o n  w i t h i n  t h e  n o r ma l  r a n g e  o f  1 6 6 5 - 1 6 8 5  cm" * .
18
A f t e r  r e d u c t i o n  o f  15a by s e v e r a l  me t h o d s  gave  an 
a p p a r e n t  m i x t u r e  o f  c ompounds  ( o t h e r  t h a n  t h e  t wo p o s s i b l e  
d i a s t e r e o m e r s ) a n d  g e n e r a l l y  i n c o n s i s t e n t  r e s u l t s ,  v e r i f i c a ­
t i o n  o f  t h e  s t r u c t u r a l  a s s i g n m e n t  o f  IJj t o  t h e  p r o d u c t  o b t a i n e d  
i n  t h e  a l d o l  c o n d e n s a t i o n  was s o u g h t .  The i n f r a r e d  s p e c t r u m ,  
w h i l e  s h o wi n g  b a n d s  a t  695 and  725 c m" * ,  c o n s i s t e n t  f o r  mono­
s u b s t i t u t e d  b e n z e n e ,  f a i l e d  t o  e x h i b i t  t h e  e x p e c t e d  c a r b o n y l  
b a n d .  The h i g h  m e l t i n g  p o i n t  c a s t  mor e  d o u b t .  The nmr s p e c ­
t r u m ,  F i g .  2 ,  was n o t  r e a d i l y  i n t e r p r e t e d .  The s i n g l e t  a t  
7 , 2 5  ppm was a s s i g n e d  t o  t h e  p h e n y l  p r o t o n s ,  a n d  t h e  s i n g l e t  
a t  2 . 1  ppm t o  t h e  N-CH3 p r o t o n s .  The s m a l l  s i n g l e t  a t  7 . 0 5  ppm
F i g .  1 .  I n f r a r e d  S p e c t r u m  ( m u l l )  o f  l - M e t h y l - 3 - b e n z a l - 4 - p i p e r i d o n e  ( I s o m e r  a )
i W
s .e  ppm  ( t ) 4.0
f"i9•  2 ,  NfflR S p e c t r u m  ( CDC1 ^ ) o f  1 — IVethy 1 — 3—benz  a 1 —4 —p i p e r i d o n e  ( i s o m e r  a )
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was a s s i g n e d  t o  t h e  v i n y l  p r o t o n .  I f  t h e  i n t e g r a t i o n  o f  t h e  
p h e n y l  and  v i n y l  g r o u p  we r e  c o n s i d e r e d  t o  r e p r e s e n t  s i x  p r o ­
t o n s ,  t h e  r e m a i n d e r  o f  t h e  s p e c t r u m  r e p r e s e n t e d  e l e v e n ,  t h e  
e x p e c t e d  n u mb e r .
E l e m e n t a l  a n a l y s e s  o f i 5 a a n d  t h e  p i c r a t e  and  ox i me  
d e r i v a t i v e s  g a v e  v a l u e s  w i t h i n  0 , 3 ^  o f  t h e  c a l c u l a t e d  v a l u e s ,  
i n d i c a t i n g  t h a t  an  e m p i r i c a l  f o r m u l a  o f  C ^ H ^ N O  was c o r r e c t .  
The p o s s i b i l i t y  o f  d i m e r i c  o r  l a r g e r  s p e c i e s  was d i s c o u n t e d  
beyond  r e a s o n a b l e  do u b t  by t h e  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n .  
The a n o ma l y  o f  t h e  weak c a r b o n y l  a b s o r p t i o n  was  r e ­
s o l v e d  by f u r t h e r  i n v e s t i g a t i o n  o f  t h e  i n f r a r e d  a b s o r p t i o n .  
When t h e  s p e c t r u m  was d e t e r m i n e d  a s  a h a l o c a r b o n  m u l l ,  t h e r e  
a p p e a r e d  a b r o a d  a b s o r p t i o n  a t  3100  cm"*-, wh i c h  p e r s i s t e d  
even  a f t e r  r e c r y s t a l l i z a t i o n  and  p r o l o n g e d  d r y i n g .  A d e t e r ­
m i n a t i o n  o f  t h e  s p e c t r u m  i n  CHCI3  s howed a s h a r p  band o f  
medium i n t e n s i t y  a t  3580 cm"*- and  a b r o a d  p e a k  a t  a b o u t  
3200 cm"*- w h i l e  t h e  band  a t  1640 cm"*- was we a k e n e d  i n  i n ­
t e n s i t y  ( F i g ,  3 ) ,  Th e s e  d a t a  a r e  c o n s i s t e n t  w i t h  t h e  p o s ­
s i b i l i t y  o f  a m i x t u r e  o f  k e t o - e n o l  t a u t o m e r s ,  whi ch  was
1 7v e r i f i e d  by a p o s i t i v e  f e r r i c  c h l o r i d e  t e s t  f o r  e n o l s ,
A l t h o u g h  t h e  nmr s p e c t r u m  d i d  n o t  e x h i b i t  an e n o l  
p r o t o n  b e t we e n  8  a n d  16 ppm,*-® t h i s  was n o t  c o n s i d e r e d  p r o o f  
o f  i t s  a b s e n c e .  The s u b s t a n c e  i s  n o t  s u f f i c i e n t l y  s o l u b l e  
i n  common s o l v e n t s  t o  g i v e  a f a v o r a b l e  s i g n a l  t o  n o i s e  r a t i o  
f o r  v e r y  b r o a d  b a n d s  o f  l ow i n t e n s i t y .  I t  was n o t e d  t h a t  
s h a k i n g  t h e  s o l u t i o n  i n  d e u t e r o c h l o r o f o r m  w i t h  D2 O c a u s e d  
a p e a k  a t  4 , 0 5  ppm t o  become r e d u c e d  In  i n t e n s i t y ,  p r o b a b l y
16
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r i g ,  3 ,  I n f r a r e d  S p e c t r a  o f  1 5a  i n  t h e  Reg i on  o f  Hy d r o x y l
a n d  C a r b o n y l  A b s o r p t i o n s i  Top ,  m u l l j  B o t t o m ,  CHCl^ 
S o l u t i o n
17
t h e  r e s u l t  o f  p r o t o n  e x c h a n g e  a t  t h e  5 - p o s i t i o n ,
o c o c h 3
1 5 a  + ( C H 3 C 0 ) 2 0  CfiilSfi!— ^
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P r e p a r a t i o n  o f  t h e  e n o l  a c e t a t e  ( 1 ^ )  g a v e  a p r o d u c t  
whi ch  e x h i b i t e d  i n f r a r e d  ( F i g ,  4 )  a nd  nmr s p e c t r a  ( F i g ,  5 )  
v e r y  s i m i l a r  t o  t h o s e  o f  t h e  p a r e n t  compound 1 5 a , The a c e t a t e  
band ( 1 7 5 0  c m" M a nd  t h e  nmr s i g n a l s  a t  1 , 9 6  and  2 , 0 1  ppm 
( N —CH3  a nd  0C0CH3 ) wer e  c o n s i s t e n t  w i t h  t h e  a s s i g n m e n t .  Two 
v i n y l  p r o t o n s  we r e  a n t i c i p a t e d  b u t  o n l y  one  a p p e a r e d  a t  6 . 7  
ppm ( s i n g l e t ) .  The o t h e r ,  wh i ch  s h o u l d  h a v e  a p p e a r e d  a s  a 
t r i p l e t ,  d i d  n o t  r e s o n a t e  i n  t h e  e x p e c t e d  r e g i o n  o f  5 , 2 - 7 , 7  
ppm. *^  Two s i g n a l s  n e a r  3 , 6  ppm ( J r l 2 . 5  Hz)  a p p e a r e d  t o  r e ­
p r e s e n t  p a r t  o f  a t r i p l e t  w i t h  t h e  t h i r d  b r a n c h  a p p e a r i n g  a s  
a s h o u l d e r  u n d e r  a l a r g e  pe ak  a t  3 , 4 3  ppm,  A c o m p a r i s o n  w i t h  
o t h e r  known e n o l  a c e t a t e s  showed t h e  r a n g e  o f  v a l u e s  f o r  s u c h  
p r o t o n s  t o  be mor e  e x t e n s i v e  t h a n  e x p e c t e d .  V i n y l  a c e t a t e  
( 2 0 ) ,  f o r  e x a m p l e ,  i 9  r e p o r t e d  t o  g i v e  s i g n a l s  a t  4 , 5 5  ( a ) ,  
4 , 0 5  ( b ) ,  a n d  7 , 2 5  ( c )  p p m , ^  Bot h  o f  t h e  v i n y l  p r o t o n s  o f  
compound a r e  r e p o r t e d  t o  r e s o n a t e  a t  3 , 8 5  p p m, ^ !
1500 1000 900 800 700000 2000 CM-i
F i q ,  4 .  I n f r a r e d  S p e c t r u m  ( m u l l )  o f  E n o l  A c e t a t e  19
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H y d r o l y s i s  o f  t h e  a c e t a t e  e s t e r  lj? gave  n e a r l y  q u a n ­
t i t a t i v e  r e c o v e r y  o f  t h e  p a r e n t  compound 15a and  d e m o n s t r a t e d
u n e q u i v o c a l l y  t h a t  0 - a c y l a t i o n  h a d  o c c u r r e d ,
l - ( Y t e t h y l - 3 - b e n z a l - 4 - p i p e r i d o n e  ( 1 5 b )
I s o m e r i c  15b was i s o l a t e d  f rom t h e  a l d o l  r e a c t i o n  i n
y i e l d s  a s  h i q h  a s  17 p e r c e n t .  I n i t i a l l y ,  i t  was a s s u m e d  t o
1 Rbe t h e  k e t o - a l c o h o l  2_2 whi ch  | \<c£lvain a nd  R o r i g -1 h a d  r e p o r t e d  
i s o l a t i n g  f rom t h i s  r e a c t i o n .  Compound 2_2 e x h i b i t e d  a m e l t ­
i n g  p o i n t  ( 1 1 5 - 1 2 6 ° )  s i m i l a r  t o  t h a t  o f  c r u d e  1 5 b , w h i c h ,  
a f t e r  p u r i f i c a t i o n ,  m e l t e d  a t  1 2 4 , 0 - 1 2 6 , 5 ° ,  The m e l t i n g  p o i n t s  
o f  t h e  h y d r o c h l o r i d e s  wer e  a l s o  s i m i l a r j  22^  m e l t e d  a t  2 3 0 - 2 3 5 °  
w h i l e  1 5 b , wh i c h  f o r me d  a s t a b l e  h y d r a t e d  s a l t  w i t h  one  t h i r d  
mole  o f  w a t e r ,  de c o mp o s ed  a t  2 3 4 - 2 3 6 ° ,  D r y i n g  iin v a c u o  e a s i l y  
d r o v e  o f f  t h e  w a t e r  g i v i n g  t h e  a n h y d r o u s  s a l t  m e l t i n g  a t  2 2 5 -




The b r i g h t  ye l l ou /  c o l o r  o f  15b d i d  n o t  seem c o n s i s ­
t e n t  f o r  t h e  i s o l a t e d  n o n - c o n j u q a t e d  c h r o m a p h o r e s  o f  2 2 .
The s p e c t r a  o f  1 5 b , i n  g e n e r a l ,  b o r e  a s t r o n g  r e s e m b l a n c e  
t o  t h o s e  o f  1 5 a . The i n f r a r e d  " n e c t r u m ,  d e t e r m i n e d  a s  a 
m u l l ,  showed a v e r y  b r o a d ,  d i f f u s e  band  b e t we e n  3100 and 
3400 cm” ^ ,  b u t  s e e m i n g l y  n o t  s t r o n g  enough  t o  r e s u l t  f rom 
an a l c o h o l  f u n c t i o n ,  A b a n d  o f  medium i n t e n s i t y  a t  1720 cm"^ 
uias q u i t e  s u g g e s t i v e  o f  a c a r b o n y l  g r o u p ,  b u t  a g a i n  i t  was 
o f  l ow i n t e n s i t y .  Bands  a t  755 a nd  695 cm"^ wer e  c o n s i s t e n t ,  
h o w e v e r ,  wi t h  a m o n o s u b s t i t u t e d  p h e n y l .
The u l t r a v i o l e t  s p e c t r u m ,  when c o mp a r e d  t o  t h a t  o f  
15a ( f i g *  6 ) g a v e  t h e  i n i t i a l  c l u e  t o  i t s  i d e n t i t y j  t h e  two 
s p e c t r a  were  q u i t e  s i m i l a r ,  t h e  i n t e n s e  band  a t  287 nm b e i n g  





F i g ,  6 , U l t r a v i o l e t  S p e c t r a  ( e t h a n o l )  o f  15a  and  15b
The uv s p e c t r u m  o f  15a  e x h i b i t s  a s t r o n g  band  a t  290 
nm, a s s i g n e d  t o  t h e  0-C=C-C=O c h r o m o p h o r e ,  i n  good a g r e e m e n t  
w i t h  t h e  model  c ompounds  2J3 and  2 4 .
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Compound £ 3  e x h i b i t s  a band  a t  286 nm ( £  2 2 5 0 0 ) ^  
and  24 e x h i b i t s  a ba n d  a t  290  nm ( 6  1 8 0 0 0 ) . ^  The s i m i l a r i t y
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o f  t h e  s p e c t r a  o f  15a a n d  15b s u g g e s t e d  a c l s / t r a n s  r e l a t i o n ­
s h i p ,  and  t h e  e l e m e n t a l  a n a l y s i s  o f  t h e  h y d r o c h l o r i d e  uias 
c o n s i s t e n t  w i t h  t h i s  h y p o t h e s i s .  The  i n f r a r e d  s p e c t r u m  o f  
15b ( CHCl j )  s h o ws  a s h a r p  a l c o h o l  p e a k  o f  weak i n t e n s i t y  
a t  3595 cm- * a n d  a b r o a d ,  h y d r o q e n - b o n d e d  h y d r o x y l  band  a t  
3400  cm- *,  b e h a v i o r  s i m i l a r  t o  1 5 a , T h i s  i n d i c a t e d  t h a t  i t  
a l s o  u n d e r w e n t  k e t o - e n o l  t a u t o m e r i s m .
I t  was o b s e r v e d  t h a t  t h e  i s o m e r  o b t a i n e d  a s  t h e  m i n o r  
p r o d u c t ,  1 5 b , was e a s i l y  c o n v e r t e d  t o  i t s  i s o m e r i c  form 1 5 a , 
H e a t i n g  15b i n  r e f l u x i n g  e t h e r  g a v e  1 5 a . A t t e m p t e d  p u r i f i ­
c a t i o n  o f  t h e  l o w e r  m e l t i n g  15b f r e q u e n t l y  g a v e  s m a l l  a m o u n t s  
o f  t h e  h i g h e r  m e l t i n g  f o r m j  a t t e m p t e d  e s t e r i f i c a t i o n  a t  e l e ­
v a t e d  t e m p e r a t u r e s  gave  p r e d o m i n a n t l y  t h e  e n o l  a c e t a t e  e s t e r  
o f  i s o m e r  a .  From t h e  i n f r a r e d  a n d  nmr s p e c t r a ,  bo t h  o b t a i n e d  
i n  s o l u t i o n ,  i t  was known t h a t  t h e  two f orms  we r e  n o t  s i m p l y  
d i f f e r e n t  c r y s t a l l i n e  f o r m s  o f  one  compound* t h i n  l a y e r  c h r o ­
m a t o g r a p h y  d a t a  s u p p o r t e d  t h i s .  The  two i s o m e r s  gave g r e a t l y  
d i f f e r e n t  flf v a l u e s  and a m i x t u r e  o f  t h e  two i s o m e r s  g a v e  two 
d i s t i n c t  s p o t s  w i t h  Rp v a l u e s  i d e n t i c a l  t o  t h o s e  of  t h e  p u r e  
f o r m s ,
The h i g h e r  m e l t i n g  i s o m e r  ja was c o n v e r t e d  t o  Jd by 
i r r a d i a t i o n  w i t h  u l t r a v i o l e t  l i g h t ,  s u g g e s t i n g  t h a t  15a  was 
t h e  more  s t a b l e  a n d ,  p r o b a b l y ,  t r a n s - l s o m e r , The  c i s - i s o m e r  
wo u l d  be b a d l y  c r owded  due  t o  i n t e r a c t i o n  b e t w e e n  t h e  p h e n y l  
grouD and t h e  k e t o n e ,  b u t  t h e  e n o l  f o r m m i g h t  e x h i b i t  s t r o n g  
i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  t o  t h e  r i n g .  F u r t h e r m o r e ,  
t o  a v o i d  s e v e r B  c r o w d i n g ,  t h e  p h e n y l  mus t  t w i s t  f rom c o -  
p l a n a r i t y ,  t h u s  d i m i n i s h i n g  c o n j u g a t i o n !  i t  wo u l d  be e x p e c t e d
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t h a t  t h e  m o l a r  a b s o r p t i v i t y  uuould be s u b s t a n t i a l l y  l o w e r e d .
I n  F i g ,  6  i t  i s  shown t h a t  i s o m e r  b h a s  a l o w e r  e x t i n c t i o n  
c o e f f i c i e n t  t h a n  sj.
The p h e n y l  g r o u p  o f  t h e  t r a n s - i s o m e r  c a n n o t  come w i t h i n  
c l o s e  p r o x i m i t y  o f  t h e  c a r b o n y l - e n o l  g r o u p t  h e n c e ,  i n t r a m o l e ­
c u l a r  h y d r o g e n  b o n d i n g  c a n n o t  o c c u r .  The o n l y  u n f a v o r a b l e  
i n t e r a c t i o n  i s  w i t h  t h e  h y d r o g e n  a t oms  on p o s i t i o n  2 , Mode l s  
i n d i c a t e  t h a t  t h i s  c a n  be r e l i e v e d  s u b s t a n t i a l l y  by a d e v i a ­
t i o n  f rom c o - p l a n a r i t y  by a b o u t  3 0 - 4 0 ° ,  a n  a n g l e  n o t  l a r g e  
e no u g h  t o  f o r b i d  o v e r l a p  o f  t h e  rr o r b i t a l s  o f  t h e  u n s a t u r a t e d




I n s p e c t i o n  o f  t h e  i n f r a r e d  s p e c t r a  o b t a i n e d  a t  v a r i o u s  
c o n c e n t r a t i o n s  i n  c h l o r o f o r m  d i d ,  i n  f a c t ,  show t h a t  t h e  r e l a ­
t i v e  i n t e n s i t i e s  of  t h e  f r e e  h y d r o x y l  a n d  bon d e d  h y d r o x y l
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p e a k s  r e m a i n e d  n e a r l y  c o n s t a n t  i n  t h e  c a s e  o f  i s o m e r  Jd, b u t  
t h a t  t h e  r e l a t i v e  i n t e n s i t i e s  we r e  n o t  c o n s t a n t  f o r  v a r i o u s  
c o n c e n t r a t i o n s  o f  i s o m e r  ?a.
The c r o w d i n g  i n  t h e  c i s - i s o m e r t _bt p r o b a b l y  a c c o u n t s  
f o r  t h e  a p p a r e n t  l a c k  o f  s u c c e s s  i n  o b t a i n i n g  a c i s - e n o l  
a c e t a t e ,  When t h e  r e a c t i o n  c o n d i t i o n s  wer e  s e v e r e  e n o u g h ,  
i s o m e r i z a t i o n  o c c u r r e d ,  g i v i n g  t h e  t r a n s - i s o m e r  ( 1 9 ) ,
I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  b o t h  i s o m e r s ,  l a c k i n g  
p l a n e s  o f  s y mme t r y ,  9 i n c e  t h e y  c a n n o t  e x i s t  i n  p l a n a r  c o n ­
f i g u r a t i o n s ,  a r e  i n h e r e n t l y  d i s s y m m e t r i c  s p e c i e s .  T h i s  c an  
be b e s t  i l l u s t r a t e d ,  a s  i n  F i g ,  7 ,  by c o m p a r i n g  t h e  s y s t e m s  
t o  a b i p h e n y l  (2j5) wh i c h  i s  known t o  be c a p a b l e  o f  b o t h  d i s ­
symmet r y  and  o p t i c a l  a c t i v i t y .
CH
25 15a  15b
F i g .  7 ,  G e o m e t r i c a l  R e l a t i o n s h i p s  Be t we e n  B i p h e n y l ,  15a a n d  15b
The b i p h e n y l s  c a n  be r e s o l v e d  o n l y  when s u b s t i t u e n t s  
a r e  p r e s e n t  on t h e  o r t h o - p o s i t i o n 3 , a c o n d i t i o n  w h i c h ,  due
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t o  s t e r i c  i n t e r a c t i o n s ,  s u f f i c i e n t l y  i n c r e a s e s  t h e  e n e r g y
O C
b a r r i e r  t o  r o t a t i o n  a b o u t  t h e  b i p h e n y l  a x i s .  T h i s  i s  a l s o  
t h e  c a s e  w i t h  t h e  t r a n s - i s o m e r ,  1 5 a , b u t  m o d e l s  i n d i c a t e  t h a t  
i t  m i g h t  be p o s s i b l e  t o  r e s o l v e  t h e  c l s - i s o m e r , 1 5 b , Re s o ­
l u t i o n  o f  b o t h  i s o m e r s  s h o u l d  be p o s s i b l e  i f  t h e  p h e n y l  g r o u p  
b o r e  an o r t h o - s u b s t i t u e n t .
R e d u c t i o n  P r o d u c t s  o f  15a
A t t e m p t s  were  made by s e v e r a l  m e t h o d s  t o  r e d u c e  15a 
t o  t h e  s a t u r a t e d  a l c o h o l  16i
Li Al H
OAc
C , 15a   ^  19




R e d u c t i o n  o v e r  p l a t i n u m  o x i d e  ( e q u a t i o n  A) g a v e  a 
m i x t u r e  o f  wha t  a p p e a r e d  t o  be t h e  a l c o h o l  Ij6 and  t h e  p a r ­
t i a l l y  r e d u c e d  k e t o n e  J2£d. A t t e m p t s  t o  o b t a i n  c o m p l e t e  r e d u c ­
t i o n  o v e r  p l a t i n u m  l e d ,  i n  e v e r y  c a s e ,  t o  a m i x t u r e  w h i c h ,  
b a s e d  on i n f r a r e d  and  u l t r a v i o l e t  s p e c t r a l  d a t a ,  c o n t a i n e d
b o t h  ljj  and  2 £ ,  S i n c e  i t  has  be e n  r e p o r t e d  t h a t  4 - p i  p e r i  d o ne s
9 f)r e a d i l y  form h y d r a t e s ,  p e r h a p s  a s  2A was f o r me d  i n  t h e  
h y d r o g e n a t i o n  f l a s k ,  i t  was c o n v e r t e d  t o  a h y d r a t e  wh i c h  was 
o n l y  s l o w l y  r e d u c e d  o v e r  p l a t i n u m .
T r e a t m e n t  o f  t h e  m i x t u r e  o b t a i n e d  f r om c a t a l y t i c  
r e d u c t i o n  w i t h  l i t h i u m  a l umi num h y d r i d e  ( e q u a t i o n  B) g a v e  
a d e n s e  s e m i - s o l i d  o i l  wh i c h  c o u l d  be c r y s t a l l i z e d  o n l y  f rom 
p a r a f f i n  s o l v e n t s .  The c r y s t a l l i n e  p r o d u c t  t h u s  o b t a i n e d  
g e n e r a l l y  e x h i b i t e d  v e r y  wi de  m e l t i n g  p o i n t  r a n g e s  a n d  u n i n ­
t e r p r e t a b l e  nmr s p e c t r a .  The i n f r a r e d  s p e c t r a  ( e . q , F i g ,  0)  
e x h i b i t e d  b o t h  f r e e  and  h y d r o g e n  b o n d e d  h y d r o x y l  p e a k s .  No 
c a r b o n y l  f u n c t i o n  was o b s e r v e d .  The  u l t r a v i o l e t  s p e c t r a  e x ­
h i b i t e d  w e l l - r e s o l v e d  b e n z e n o i d  b a n d s  o f  c o n s t a n t  w a v e l e n g t h  
b u t  g e n e r a l l y  o f  i r r e p r o d u c i b l e  e x t i n c t i o n  c o e f f i c i e n t s .
The e n o l  a c e t a t e  (L9)  was r e d u c e d  t o  27 o v e r  Adams 
c a t a l y s t  ( e q u a t i o n  C ) ,  a n d  t h e  p r o d u c t  was t r e a t e d  w i t h  l i t h i u m
M  1111 (117-
1000 900 7003000 2000 1500 800
CM-l
F i g ,  B. I n f r a r e d  S p e c t r u m  (CHCI3 ) o f  R e d u c t i o n  P r o d u c t  IJj
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a l umi num h y d r i d e .  The p r o d u c t  was q u i t e  s i m i l a r  t o  t h a t  o b ­
t a i n e d  by r o u t e  9 a nd  a l s o  c o u l d  be c r y s t a l l i z e d  o n l y  f rom 
p a r a f f i n  s o l v e n t s .  A l t h o u g h  t h e  m e l t i n g  r a n g e  uias somewhat  
d i f f e r e n t ,  i t  was s t i l l  w i d e .  The i n f r a r e d  s p e c t r a  wer e  
i d e n t i c a l  t o  F i g ,  8 ,
The r e d u c t i o n  p r o d u c t  o b t a i n e d  v i a  e q u a t i o n  C gave  
b e t t e r  nmr s p e c t r a ,  b u t ,  u n l e s s  q r e a t  c a r e  was t a k e n  t o  d r y  
i t  c a r e f u l l y  a t  m o d e r a t e  t e m p e r a t u r e s ,  i t  showed s t r o n g  s i g ­
n a l s  b e t we e n  0 , 0 - 1 , 0  ppm f rom s o l v e n t .  The s a m p l e ,  p u r i f i e d  
and  d r i e d  i n  t h i s  m a n n e r ,  d i d  n o t  g i v e  a c c e p t a b l e  e l e m e n t a l  
a n a l y s e s .  S a mp l e s  d r i e d  a t  t e m p e r a t u r e s  g r e a t e r  t h a n  80°  
a p p e a r e d  t o  d e c o mp o s e ,
l - M e t h y l - 3 - b e n z a l - 4 - p i p e r i d i n o l  ( 2 8 )  ( E q u a t i o n  D)
R e d u c t i o n  o f  1 5a w i t h  l i t h i u m  a l umi num h y d r i d e  gave  
a c r y s t a l l i n e  p r o d u c t  whi ch  was shown t o  be c o n s i s t e n t  w i t h  
s t r u c t u r e  2Q, T h i s  s u b s t a n c e ,  r e c r y s t a l l i z e d  f rom l i g r o i n ,  
was a w h i t e  s o l i d  m e l t i n g  b e t we e n  6 7 - 1 1 9 ° ,  The nmr s p e c t r u m  
a g a i n  showed w e l l - r e s o l v e d  s o l v e n t  p e a k s  b e t we e n  0 - 1  ppm.
As w i t h  a l c o h o l  1_6, a t t e m p t e d  d r y i n g  a t  e l e v a t e d  t e m p e r a t u r e s  
l e d  t o  a p p a r e n t  d e c o m p o s i t i o n .  However ,  a s a mp l e  d r i e d  by 
h e a t i n g  t h e  m o l t e n  s u b s t a n c e  w e l l  a b o v e  t h e  m e l t i n g  p o i n t  
f o r  s e v e r a l  m i n u t e s  g a v e  a s h a r p  m e l t i n g  p o i n t ,  t h e  nmr s p e c ­
t r u m gave  a good i n t e g r a t i o n ,  a n d  t h e  u l t r a v i o l e t  s p e c t r u m  
was e n t i r e l y  c o n s i s t e n t  w i t h  t h e  s t y r e n e  c h r o m o p h o r e  p r e s e n t .  
I t  i s  now f e l t  t h a t  b o t h  a l c o h o l s ,  1_6 a n d  2J3, t r a p  o r  " i n ­
c l u d e "  s o l v e n t s  when r e c r y s t a l l i z e d  f r om h y d r o c a r b o n  s o l v e n t s .  
L o s s  o f  t h e s e  s o l v e n t s  a c c o u n t s  f o r  t h e  a p p a r e n t  d e c o m p o s i t i o n
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o b s e r v e d  on h e a t i n g .
A t t e m p t e d  C y c l i z a t i o n  o f  A l c o h o l  16 t o  Form 17
S e v e r a l  a t t e m p t s  wer e  made t o  c y c l i z e  t h e  s a t u r a t e d  
a l c o h o l  1_6 u s i n g  t h e  c o n d i t i o n s  d e s c r i b e d  by Cook and  H e w e t t , ^  
M o d i f i c a t i o n s  o f  t e m p e r a t u r e  and  r e a c t i o n  t i m e  were  e m p l o y e d ,  
and p o l y p h o s p h o r i c  a c i d  was u t i l i z e d  a s  a c a t a l y s t ,  u n d e r  
v a r y i n g  r e a c t i o n  c o n d i t i o n s .  I n  e v e r y  c a s e ,  o n l y  d e h y d r a t i o n  
p r o d u c t s  c o u l d  be i s o l a t e d i
o l e f i n s
T h i s  was r a t h e r  d i s a p p o i n t i n g ,  b u t ,  i n  r e t r o s p e c t ,  
n o t  t o o  s u r p r i s i n g .  None o f  t h e  a l c o h o l s  (11. ,  .12, a n d  1 3 ) 
whi ch  u n d e r w e n t  c y c l i z a t i o n  b o r e  t h e  h y d r o x y l  g r o u p  on t h e  
c a r b o n  atom whi c h  u l t i m a t e l y  f o r me d  t h e  new bond t o  t h e  
p h e n y l , H e n c e ,  i t  i s  o b v i o u s  t h a t  t h e  a t t a c k i n g  c a r b o n i u m  
i o n ,  o r  c a r b o n i u m  i o n - l i k e  s p e c i e s ,  mu s t  m i g r a t e  a r o u n d  t h e  
r i n g  u n t i l  i t  i s  l o c a t e d  on a c a r b o n  a t om wh i c h  c a n  g i v e  
e l e c t r o p h i l i c  a t t a c k  on t h e  p h e n y l  t o  form a s i x - m e m b e r e d  
r i n g ,  r a t h e r  t h a n  a t h r e e - ,  f o u r - ,  o r  f i v e - m e m b e r e d  r i n g .
31
In t h e  c a s e  o f  t h e  p i p e r i d i n o l  IJi ,  t h e  p r e s e n c e  o f  
t h e  b a s i c  n i t r o g e n  wo u l d  h i n d e r  c a r b o n i u m  i o n  f o r m a t i o n  due 
t o  ammonium i o n  f o r m a t i o n  w i t h  t h e  LBwis  a c i d  c a t a l y s t i
^ ° i °  >
( PPA ) 7 cf*
P,x
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A c a r b o n i u m  i o n  f o r me d  i n  t h e  same r i n g  woul d  be d e ­
s t a b i l i z e d  by t h i s  ammonium i o n  and  p r o b a b l y  wou l d  n o t  e x i s t  
l o n q  e n o u g h  t o  m i g r a t e  t o  a n o t h e r  p o s i t i o n  e v e n  c l o s e r  t o  
t h e  n i t r o g e n .  Hence  e l i m i n a t i o n  o f  a p r o t o n  wou l d  o c c u r  more  
r a p i d l y  t h a n  r e a r r a n g e m e n t  a n d  c y c l i z a t i o n j  r e f o r m a t i o n  o f  
a new c a r b o n i u m  i o n  woul d be l e s s  l i k e l y  t o  o c c u r ,  a n d ,  t h e r e ­
f o r e ,  o n l y  o l e f i n  woul d  be i s o l a t e d .
The Manni ch  C o n d e n s a t i o n
27I n  1962 Ho u s e ,  Ul ickham,  and  M u l l e r  d e s c r i b e d  t h e  
p r e p a r a t i o n  o f  b i c y c l o  k e t o - a m i n e s  ( 2 9 )  v i a  t h e  Manni ch  c o n -  
d e n s a t i  on *
= / ~ K H2 >n
CH-iNHo.HCl
J 1 HOAc+  4.
2  CH2 0  1D0°
=0 N-CH3
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A l t h o u q h  t h e  r e p o r t e d  y i e l d s  we r e  l ow ( 6 —1 3/S) v t h i s  
r e a c t i o n  woul d  p r o v i d e  a one  s t e p  s y n t h e s i s  f rom p - t e t r a l o n e  
( 3 0 )  o f  3 - m e t h y l - 6 , 7 - b e n z o - 3 - a z a b i c y c l o [ 3 , 3  , l " 1 n o n e n - 9 - o n e  
(31,)* wh i c h  c o u l d  be  r e d u c e d  t o  t h e  d e s i r e d  b i c y c l i c  ami ne  
17 .
/  \ D + C H 3N H 2 .HC1
2  ™ 2d
30 31
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P r e p a r a t i o n  o f  k e t o n e  3JL o f f e r e d  s e v e r a l  a d v a n t a g e s  
o v e r  t h e  d i r e c t  p r e p a r a t i o n  o f  t h e  p a r e n t  c o m p o u n d  1/7* 
r a c e m i c  s u b s t a n c e  c o u l d  b e  r e s o l v e d  a n d  t h e  o r d  a n d  c d  s p e c t r a  
d e t e r m i n e d .  A f t e r  t h e  a b s o l u t e  c o n f i g u r a t i o n  h a d  b e e n  d e t e r ­
m i n e d  b y  a p p l i c a t i o n  o f  t h e  o c t a n t  r u l e  t o  t h e  C o t t o n  e f f e c t  
g i v e n  b y  t h e  c a r b o n y l  g r o u p ,  t h e  o p t i c a l l y  a c t i v e  s u b s t a n c e  
c o u l d  b e  r e d u c e d  t o  o p t i c a l l y  a c t i v e  J / 7 ,  f o l l o w e d  by  d e t e r ­
m i n a t i o n  o f  t h e  o r d  a n d  c d  s p e c t r a .  S i n c e  t h e  a b s o l u t e  c o n ­
f i g u r a t i o n  w o u l d  be  k n o w n ,  t h i s  w o u l d  p r o v i d e  a n  e x c e l l e n t  
m o d e l  f o r  a  s e c t o r  r u l e  f o r  t h e  p h e n y l  c h r o m o p h o r e .  I f  
c o m p o u n d s  b e a r i n q  s u b s t i t u e n t s  o n  t h e  p h e n y l  r i n g  w e r e  p r e ­
p a r e d ,  t h e  e f f e c t  o f  t h e s e  s u b s t i t u e n t s  o n  t h e  o r d  a n d  c d  
s p e c t r a  c o u l d  b e  c o m p a r e d .  T h e  c a r b o n y l  g r o u p ,  o n e  o f  t h e  
m o s t  u s e f u l  f u n c t i o n a l  g r o u p s ,  w o u l d  u n d e r g o  r e a c t i o n  w i t h  
a  v a r i e t y  o f  r e a g e n t s  t o  g i v e  a  l a r g e  n u m b e r  o f  d e r i v a t i v e s ,  
g - T e t r a l o n e  i t s e l f  i s  a n  e x p e n s i v e ,  c o m m e r c i a l l y  
a v a i l a b l e  m a t e r i a l ,  b u t  t h e  n u m b e r  o f  d e r i v a t i v e s  i s  l i m i t e d .  
I t  w a s  h o p e d  t h a t  a g e n e r a l  m e t h o d  o f  p r e p a r i n g  s u b s t i t u t e d
2 - t e t r a l o n e s  c o u l d  b e  f o u n d  i n  o r d e r  t o  i n t r o d u c e  s u b s t i t u e n t s  
i n t o  t h e  a r o m a t i c  r i n g .
T h e  c o m m o n l y  u s e d  m e t h o d  o f  f j - t e t r a l o n e  p r e p a r a t i o n ,
9 Rt h e  B i r c h  r e d u c t i o n  o f  a l k y l  2 - n a p h t h y l  e t h e r s ,  a p p e a r e d  
t o  b e  s o m e w h a t  r e s t r i c t e d  i n  i t s  s y n t h e t i c  s c o p e .
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However ,  a  F r i e d e l - C r a f t s  r e a c t i o n  r e p o r t e d  by
29B u r c k h a l t e r  and C a mp b e l l  a p p e a r e d  t o  l e n d  i t s e l f  t o  f o r ­
m a t i o n  o f  a number  o f  d e r i v a t i v e s  o f  _30, A l a r g e  number  
o f  p h e n y l a c e t i c  a c i d s  and  t h e  r e m a i n d e r  o f  t h e  n e c e s s a r y  
r e a g e n t s  a r e  r e a d i l y  a c c e s s i b l e .
One d i s a d v a n t a g e  o f  t h e  s c he me  s oon  became e v i d e n t i  
e v e n  w i t h  t h e  u s e  o f  t h e  d r o p - i n  t e c h n i q u e ,  t h e  r e a c t i o n  mus t  
be r un  i n  l a r g e  v o l u me s  o f  s o l v e n t  t o  d i m i n i s h  t h e  p o l y m e r i ­
z a t i o n  o f  t h e  r e a g e n t s .  C o n s i d e r a b l e  a mo u n t s  o f  i n t r a c t i b l e  
t a r s  a r e  formed f r om p o l y m e r i z a t i o n  o f  e t h y l e n e ,  ma k i n g  p r o ­
d u c t  p u r i f i c a t i o n  d i f f i c u l t .
Al t h o u g h  t h e  me t hod  may be u s e f u l  f o r  p r e p a r i n g  
some o t h e r w i s e  u n a v a i l a b l e  2 - t e t r a l o n e s , i t  was f o u n d  t h a t
9  a
t h e  B i r c h  r e d u c t i o n  i s  a much mor e  f a c i l e  r e a c t i o n .  The
u s e  o f  t h e  b i s u l f i t e  a d d u c t  a s  a t o o l  f o r  p u r i f i c a t i o n  o f
2 - t e t r a l o n e s  c a n n o t  be o v e r e m p h a s i z e d .
P r e l i m i n a r y  i n v e s t i g a t i o n s  o f  t h e  Mann i c h  c y c l i z a t i o n
g a v e  a s  p r o d u c t  l a r g e  a mo u n t s  o f  p o l y m e r i c  m a t e r i a l  a n d  s m a l l
a mo u n t s  o f  an a mi ne  whi ch  b e h a v e d  a s  t h o u g h  i t  wer e  t h e  e x -
27p e c t e d  p r o d u c t  31_, House  and  c o - w o r k e r 9 r e p o r t e d  t h e  f o r ­
m a t i o n  o f  r e l a t i v e l y  l a r g e  a mo u n t s  o f  d i m e r i c  m a t e r i a l  ( 3 2 ) ,  
whi ch  c o u l d  be s e p a r a t e d  f rom t h e  d e s i r e d  p r o d u c t  o n l y  w i t h
35
d i f f i c u l t y .
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Re s o n a n c e  s t a b i l i z a t i o n  r e n d e r s  t h e  b e n z y l i c  a - p r o t o n s  
o f  g - t e t r a l o n e  more  a c i d i c  a n d ,  t h e r e f o r e ,  mor e  r e a c t i v e  t h a n  
t h o s e  a t  C - 3 ,  R e a c t i o n  a t  t h i s  s i t e  a l o n e  wo u l d  p r o d u c e  _33 
r a t h e r  t h a n  t h e  d e s i r e d  p r o d u c t  3 1 .
CH3 
— CH2 - N-CH2
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I t  was f o u n d  t h a t  s l o w a d d i t i o n  o f  p - t e t r a l o n e  t o  t h e  
r e a c t i o n  m i x t u r e  v i a  d r o p - i n  t e c h n i q u e  s u b s t a n t i a l l y  i n c r e a s e d  
t h e  y i e l d  o f  31_, The amount  o f  p o l y m e r i c  m a t e r i a l  was d e ­
c r e a s e d  i f  t h e  r e a c t i o n  t i m e  we r e  s h o r t e n e d .  Opt imum c o n d i ­
t i o n s  wer e  o b t a i n e d  when h e a t i n g  was h a l t e d  o n l y  5 - 1 0  m i n u t e s  
a f t e r  t h e  ( 3 - t e t r a l o n e  h a d  been  a d d e d .  An a l i q u o t  r emoved  
a t  t h i s  p o i n t  g a v e  a l i g h t  t a n  p r e c i p i t a t e  when n e u t r a l i z e d  
w i t h  d i l u t e  b a s e ,  and  t h e  " p - t e t r a l o n e  b l u e  t e s t " ^  g a v e  no
36
c o l o r .  C o n t i n u e d  h e a t i n g  p r o d u c e d  d e c o m p o s i t i o n  o f  t h e  p r o ­
d u c t  ,
Wi t h  t h e s e  m o d i f i c a t i o n s ,  s u b s t a n t i a l l y  i mp r o v e d  
y i e l d s  ( 3 9 - 5 6 ^ )  o f  c r u d e  p r o d u c t  were  o b t a i n e d .  P u r i f i c a t i o n  
was made d i f f i c u l t  by t h e  p r e s e n c e  o f  p o l y m e r i c  m a t e r i a l  and  
o t h e r  b y - p r o d u c t s  s u c h  a s  _33, Most  o f  t h e  p o l y m e r i c  s u b ­
s t a n c e s  uuere r emove d  by t r e a t m e n t  w i t h  a c t i v a t e d  c h a r c o a l  
f o l l o w e d  by p a s s i n g  t h e  s u b s t a n c e  t h r o u g h  a s h o r t  co l umn o f  
a l u m i n a  o r  F l o r i s i l ,  The c r u d B p r o d u c t  was r e c r y s t a l l i z e d  
f rom m e t h a n o l  t o  g i v e  3^ L, and t h e  i n f r a r e d  ( F i g ,  9 )  and  nmr 
s p e c t r a  ( F i g .  10)  wer e  c o n s i s t e n t  w i t h  t h i s  a s s i g n m e n t  o f  
s t r u c t u r e ,
A t t e m p t e d  r e d u c t i o n  o f  t h e  k e t o n e  (_3l) t o  L7 a c c o r d ­
i n g  t o  t h e  f o l l o w i n g  scheme was u n s u c c e s s f u l ,  p o s s i b l y  b e c a u s e  
t h e  f o r m a t i o n  o f  t h e  t o s y l a t e  was s t e r i c a l l y  h i n d e r e d .  No 
f u r t h e r  r e a c t i o n s  we r e  a t t e m p t e d  on 3 1 ,
L i A I H *
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A t t e m p t e d  P r e p a r a t i o n  o f  2 * - P 1 e t h o x y - 3 - m e t h y l - 6 . 7 -  
b e n z o - 3 - a z a b i c y c l o [ | 3 . 3 . l 1 n o n e n - 9 - o n B  ( 3 4 )
S i n c e  a l l  o f  t h e  b e n z o m o r p h a n s  ( 7 )  p r e p a r e d  by Play 
and  c o - w o r k e r s  c o n t a i n  a 2 ' - o x y  s u b s t i t u e n t ,  i t  was  d e s i r a b l e
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F i g .  9 .  I n f r a r e d  S p e c t r u m  (CHCl^)  o f  31
F i g .  1 0 .  NtfR 5 p e c t r u m  (CDCl-j)  o f  ^ 1 CJ
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t o  a t t e m p t  t h e  p r e p a r a t i o n  o f  3^ ,  u s i n g  a s  s t a r t i n g  m a t e r i a l  
3 5 .
H3 C0 O C r
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The me t hoxy  s u b s t i t u e n t  o f  _35 woul d  d e c r e a s e  t h e  r e ­
l a t i v e  a c i d i t y  o f  t h e  bBnz y l i c  p r o t o n s  due t o  i n d u c t i v e  
e f f e c t s ,  and  t h e  r e s o n a n c e  s t a b i l i z a t i o n  o f  t h e  e n o l a t e  a n i o n  
woul d be  c o r r e s p o n d i n g l y  d e c r e a s e d !
R a t h e r  t h a n  b e i n g  d e t r i m e n t a l  t o  t h e  f o r m a t i o n  o f  
3 5 , i t  uias f e l t  t h a t ,  i f  t h e  r e l a t i v e  a c i d i t i e s  o f  t h e  p r o ­
t o n s  a t  C—1 a nd  C- 3  were  more  n e a r l y  e q u i v a l e n t ,  t h e  p r o b a ­
b i l i t y  o f  c y c l i z a t i o n  wo u l d  be  e n h a n c e d  and  t h e  p o s s i b i l i t y  
o f  f o r m a t i o n  o f  t h e  d i m e r i c - t y p e  p r o d u c t  wou l d  be  d e c r e a s e d .
6 - M e t h o x y - 2 - t e t r a l o n e  ( 3 5 )  was p r e p a r e d  v i a  t h e
40
F r i e d e l - C r a f t s  c y c l i z a t i o n  o f  j o - m e t h o x y p h e n y l a c e t y l  c h l o r i d e  
i n  p o o r  y i e l d s .  I t  uuas s u b j e c t e d  t o  t h e  same Manni ch  r e a c t i o n  
c o n d i t i o n s  a s  3J1, b u t  no c h a r a c t e r i z a b l e  p r o d u c t s  mere i s o ­
l a t e d ,  Howeve r ,  t h e  Manni c h  c o n d e n s a t i o n  h o l d s  p r o m i s e  f o r  
p r e p a r a t i o n  o f  d e r i v a t i v e s  o f  t h i s  t y p e ,  and  f u r t h e r  i n v e s t i ­
g a t i o n  i s  w a r r a n t e d .
R e s o l u t i o n  o f  3 - I Y ] e t h y l - 6 , 7 - b e n z o - 3 - a z a b i c y c l o [ 3  , 3 , l ~ ] n o n e n - 9 -  
one  ( 3 1 )
The c h o i c e  o f  p r o p e r  r e s o l v i n g  a g e n t s  woul d  a p p e a r  
t o  be more  d e p e n d e n t  on f o r t u n e  t h a n  s c i e n c e .  A t t e m p t e d  
r e s o l u t i o n  w i t h  ( + ) - c a m p h o r - 1 0 - s u l f o n i c  a c i d  g a v e  a c r y s t a l ­
l i n e  s a l t  wh i ch  p r e c i p i t a t e d  a s  an i n t r a c t i b l e  o i l  f r om a l l  
s o l v e n t s  on a t t e m p t e d  r e c r y s t a l l i z a t i o n .  The ( + ) - t a r t r a t e ,  
h o w e v e r ,  p r e c i p i t a t e d  f rom a c e t o n e  a s  a t a n  c r y s t a l l i n e  s o l i d  
and  c o u l d  be r e a d i l y  r e c r y s t a l l i z e d .  The f i r s t  f r a c t i o n  t o  
p r e c i p i t a t e  f rom s o l u t i o n  was e n r i c h e d  w i t h  t h e  ( - ) - i s o m e r .
Two r e c r y s t a l l i z a t i o n s  f rom an e t h a n o l - a c e t o n e  s o l v e n t ,  f o l ­
l owed  by r e g e n e r a t i o n  o f  t h e  f r e e  b a s e ,  gave  l e v o r o t a t o r y  
2 1 *
The ( + ) - i s o m e r  was i s o l a t e d  f rom t h e  c r o p  o f  p r e c i ­
p i t a t e  whi ch  e x h i b i t e d  t h e  l a r g e s t  r o t a t i o n s  by r e p e a t e d l y  
e x t r a c t i n g  t h e  more  s o l u b l e  ( + ) - d i a s t e r e o m e r  f rom t h e  s o l i d  
w i t h  b o i l i n g  a c e t o n e .  F o l l o w i n g  r e c r y s t a l l i z a t i o n  f rom 
a c e t o n e  and r e g e n e r a t i o n  o f  t h e  f r e e  b a s e ,  t h e r e  was o b t a i n e d  
(+ ) - 3 1 , wh i c h  g a v e  r o t a t i o n s  o f  n e a r l y  t w i c e  t h e  m a g n i t u d e  
o f  t h e  ( - ) - i s o m e r ,
A p l a u s i b l e  e x p l a n a t i o n  f o r  t h e  s m a l l  r o t a t i o n s  o f
41
t h e  ( - ) - i s o m e r  i s  t h a t  by c h a n q i n g  t o  a mi x e d  s o l v e n t  s y s t e m  
t h e  r e l a t i v e  s o l u b i l i t i e s  mere  c h a n g e d .  The p u r e  ( - ) - i s o m e r  
r e m a i n e d  i n  s o l u t i o n  a l l o w i n g  t h e  r a c e m i c  m a t e r i a l  t o  c r y s t a l ­
l i z e  f i r s t ,  c a r r y i n g  some 1 e v o - i s o m e r  w i t h  i t .  I t  i s ,  o f  
c o u r s e ,  a l w a y s  i n a d v i s a b l e  t o  u s e  mi x e d  s o l v e n t s  f o r  r e c r y ­
s t a l l i z a t i o n s ,  o r  t o  c h a n g e  s o l v e n t  s y s t e m s  d u r i n g  a r e s o l u ­
t i o n ,  b u t  s uc h  a c t i o n  was deemed n e c e s s a r y .
The i n f r a r e d  s p e c t r a  o f  b o t h  e n a n t i o m e r s  were  i d e n t i c a l  
t o  t h a t  o f  t h e  r a c e m i c  m a t e r i a l .
E l e c t r o n i c  S p e c t r a  o f  3 - m e t h y l - 6 , 7 - b e n z o - 3 - a z a b i c y c I o £ 3 , 3 . I J -
n o n e n - 9 - o n e  ( 3 1 )
The u l t r a v i o l e t  s p e c t r u m  o f  31_ i s  c o mp l e x  ( F i g ,  1 1 ) ,
and  t h e  i n t e n s i t i e s  o f  t h e  a b s o r p t i o n  b a n d s  a r e  s t r o n g l y
d e p e n d e n t  on b a t h  c o n c e n t r a t i o n  and  s o l v e n t .  The m o l a r
e x t i n c t i o n  c o e f f i c i e n t s  q e n e r a l l y  d e c r e a s e  w i t h  i n c r e a s i n g
p o l a r i t y  o f  t h e  s o l v e n t .  The s p e c t r a  e x h i b i t  t h e  e x p e c t e d
31b e n z e n o i d  i t— t r a n s i t i o n  ( E^u^  Al g )  n e a r  270 nm w i t h
m o l a r  e x t i n c t i o n  c o e f f i c i e n t s  r a n g i n g  f rom 560  i n  d i l u t e
h y d r o c h l o r i c  a c i d  t o  1620 i n  EPA,  The a b s o r p t i o n  n e a r  230
nm p r o b a b l y  r e p r e s e n t s  t h e  s o - c a l l e d  "K" band  o r  f i r s t
31
p r i m a r y  band ----- ^ l g ^  Ph e n y l  p r o u p .  The  i n ­
t e n s i t y  a l s o  v a r i e s  w i t h  s o l v e n t ,  r a n g i n g  f rom 5000  i n  b a s i c  
m e t h a n o l  t o  13000  i n  a c i d i c  m e t h a n o l  s o l u t i o n .  Hence  t h i s  
b a n d ,  u n l i k e  t h e  l o n g e r  w a v e l e n g t h  b a n d s ,  a p p e a r s  t o  i n c r e a s e  
i n  i n t e n s i t y  w i t h  i n c r e a s e d  s o l v e n t  p o l a r i t y .  The  ami ne  
wou l d  be e x p e c t e d  t o  a b s o r b  i n  t h e  2 0 0 - 2 2 0  nm r e g i o n
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b e i n q  o b s c u r e d  by t h e  s t r o n g e r  b e n z e n e  b a n d s .  S i n c e  no b a n d s  
a p p e a r  t o  d i m i n i s h  i n  i n t e n s i t y  o r  d i s a p p e a r  i n  a c i d i c  medi um,  
i t  i s  a s s u me d  t h a t  t h i s  band i s  n o t  o b s e r v e d .  An i n t e n s e  
ban d  o b s e r v e d  n e a r  195 nm ( 6  2 1 0 0 0 )  i n  w a t e r  p r o b a b l y  r e p r e ­
s e n t s  t h e  s e c o n d  p r i m a r y  band ( £ 2 u^----- ^ l q ^  p h e n y l
31o r o u p ,
The c a r h o n y l  F u n c t i o n  i s  e x p e c t e d  t o  show a weak 
n ' ' t r a n s i t i o n  n e a r  300 nm, and  b a nds  i n  t h i s  r e g i o n  a r e  
o b s e r v e d ,  a l t h o u g h  o f  g r e a t l y  e n h a n c e d  i n t e n s i t y .  I t  ha s  been  
r e p o r t e d  t h a t  0 , y - u n s a t u r a t e d  k e t o n e s  F r e q u e n t l y  e x h i b i t  c a r ­
b o n y l  n  > v*  a b s o r p t i o n  b a n d s  o f  i n t e n s i t y  g r e a t l y  i n c r e a s e d
o v e r  t h o s e  of  i s o l a t e d  k e t o n e s .  T h i s  may r e s u l t  From 
" h o m o c o n j u q a t i o n "  t h r o u q h  s p a c e  o f  t h e  k e t o n e  w i t h  t h e  v  
s y s t e m  o f  t h e  a r o m a t i c  r i n g .  Th i s  h a s  been  d e s c r i b e d  a s  a 
d o n a t i o n  o f  i n t e n s i t y  o f  t h e  p h e n y l  v  s y s t e m  t o  t h e  n — ^ it* 
t r a n s i t i o n  of  t h e  c a r b o n y l  g r o u p ,  r e s u l t i n g  i n  g r e a t  e n h a n c e ­
ment  of  t h e  i n t e n s i t y  o f  t h i s  b a n d , Cooks on  and W a r i y a r ^  
h a v e  r e p o r t e d  t h a t  t h i s  t y p e  o f  e l e c t r o n i c  i n t e r a c t i o n  o c c u r s  
i n  a l a r g e  number  o f  h o m o c o n j u g a t e d  p h e n y l  k e t o n e s  which me e t  
c e r t a i n  g e o m e t r i c  c o n d i t i o n s .  S p e c i f i c a l l y ,  t h e  u n o c c u p i e d  
p o r b i t a l  o f  t h e  c a r b o n y l  c a r b o n  mus t  be  p o i n t e d  d i r e c t l y  
t o w a r d  a p ^  o r b i t a l  o f  a d o u b l e  bond o r  a r o m a t i c  r i n g .  I n  
t h e  c a s e  o f  p a r a s a n t o n i d e  ( 3 £ ) ,  wh i ch  e x h i b i t s  an u n u s u a l l y  
s t r o n g  a b s o r p t i o n  band  i n  e t h a n o l  n e a r  300 nm ( 1 1 7 0 ) ^  t h e  
r i n q  s y s t e m  i s  h i g h l y  s t r a i n e d ,  c a u s i n g  t h e  c a r b o n y l  g r o u p  
t o  come w i t h i n  r a t h e r  c l o s e  p r o x i m i t y  o f  t h e  d o u b l e  b ond ,  





On t h e  o t h e r  h a n d ,  _31_ i s  n e a r l y  f r e e  o f  r i n g  s t r a i n  
and  i t  i s  n o t  o b v i o u s  t h a t  t h e  c a r b o n y l  c a r b o n  i s  w e l l  a l i g n e d  
t o  g i v e  a s  e f f e c t i v e  o v e r l a p p i n g  o f  o r b i t a l s .  I t  m i g h t  t h e r e ­
f o r e  be e x p e c t e d  t o  show l e s s  e n h a n c e m e n t  o f  t h e  n  ) v*  t r a n -
35s i t i o n .  Ho we v e r ,  Cookson and Ul a r i y a r  s t a t e  t h a t  m o l a r  
e x t i n c t i o n  c o e f f i c i e n t s  o f  3 0 0 - 1 0 0 0  a r e  i n d i c a t i v e  o f  homo­
c o n j u g a t e d  p , y - u n s a t u r a t e d  k e t o n e s ?  and  s i n c e  31_ e x h i b i t s  
b a n d s  o f  s i m i l a r  i n t e n s i t i e s  n e a r  300 nm (€ 6 0 0 )  i n  EPA and  
b a s i c  m e t h a n o l ,  t h e  o r b i t a l  o v e r l a p  mus t  be q u i t e  e f f i c i e n t ?  
a l a r g e  n — } <n* C o t t o n  e f f e c t  s h o u l d  be o b s e r v e d  i n  t h i s  
r e g i o n , ^  I t  i s  a l s o  a p p a r e n t  t h a t  t h e  i n t e n s i t y  o f  t h e  band 
i s  q u i t e  s e n s i t i v e  t o  s o l v e n t  and  c o n c e n t r a t i o n ,  c h a n g i n g  i n  
i n t e n s i t y  by n e a r l y  a f a c t o r  o f  t e n  b e t we e n  d i l u t e  a c i d  and  
EPA, t h e  l a t t e r  g i v i n q  t h e  h i g h e r  v a l u e .
O p t i c a l  R o t a t o r y  D i s p e r s i o n  and  C i r c u l a r  D i c h r o i s m  S p e c t r a  
o f  31
The o r d  and  cd  s p e c t r a  o f  31^  a r e  v e r y  i n t e r e s t i n g .
The mos t  p r o m i n e n t  C o t t o n  e f f e c t  i n  EPA ( f i g ,  12)  r e s u l t s  
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q r o u p  n e a r  300  nm a s  e x p e c t e d  f r om t h e  u l t r a v i o l e t  s p e c t r u m .  
The o r d  s p e c t r a  o f  b o t h  i s o m e r s  e x h i b i t  f i r s t  e x t r e m a  n e a r  
320 nm, r e v e r s a l  o f  s i q n  n e a r  300 nm, a n d  s e c o n d  e x t r e m a  a t  
282 nm.  The c u r v e s  g i v e  a m i r r o r  i maqe  r e l a t i o n s h i p ,  ( I t  i s  
a p p a r e n t  t h a t  t h e  ( - ) - i s o m e r  i s  o n l y  a b o u t  one t h i r d  a s  op­
t i c a l l y  p u r e  a s  t h e  ( + ) - i s o m e r ,  b u t  s i n c e  i t  i s  n o t  known whe­
t h e r  t h e  l a t t e r  i s  o p t i c a l l y  p u r e ,  no c o r r e c t i o n s  t o  " o p t i c a l  
p u r i t y "  h a v e  been  m a d e , )  Hence i t  a p p e a r s  t h a t  t h e  O n l i n e  
r o t a t i o n s  a r e  u n d e r  t h e  i n f l u e n c e  o f  t h i s  C o t t o n  e f f e c t ,  and  
r e v e r s a l  o f  s i q n  d o e s  n o t  o c c u r  b e t we e n  t h e  D - l i n e  and  t h e  
f i r s t  e x t r e mu m;  t h e  ( + ) - i s o m e r  q i v e s  a p o s i t i v e  C o t t o n  e f f e c t  
a t  300 nm, The cd s p e c t r u m  o f  ( + )-31_ shows  a ( + ) - C o t t o n  
e f f e c t  w i t h  f i n e  s t r u c t u r e  o f  maximum e l l i p t i c i t y  a t  303 nm, 
and  a ( - ) - C o t t o n  e f f e c t  a t  275 nm. T h i s  s e c o n d  C o t t o n  e f f e c t  
a l m o s t  c e r t a i n l y  a r i s e s  f rom t h e  B2 U<— A^g t r a n s i t i o n  o f  
b e n z e n e ,  whi ch  a p p e a r s  a t  270  nm i n  t h e  u l t r a v i o l e t  s p e c t r u m .  
The b r o a d  t r o u g h  i n  t h e  o r d  s p e c t r u m  r e p r e s e n t s  n o t  o n l y  t h e  
s e c o n d  ext r emum of  t h e  C o t t o n  e f f e c t  a t  300 nm b u t  a l s o  t h e  
f i r s t  ex t r emum o f  a n e q a t i v B  C o t t o n  e f f e c t  a t  270 nm, Bot h  
s p e c t r a  i n d i c a t e  t h e  b e g i n n i n g  o f  a s e c o n d  p o s i t i v e  C o t t o n  
e f f e c t  be l ow 250 nm, wh i c h  wo u l d  be  c a u s e d  by t h e  
ba n d  n e a r  230  nm.
A t t e m p t s  t o  o b t a i n  b o t h  t h e  o r d  and  cd s p e c t r a  o f  
( + ) -  and  ( - ) - 3 1  i n  a c i d i c  m e t h a n o l  were  d i s a p p o i n t i n g .  The
n  > it* band  o f  t h e  c a r b o n y l  g r o u p  was e i t h e r  n o t  p r e s e n t
o r  beyond  t h e  l i m i t s  o f  d e t e c t i o n .  The two b e n z e n e  t r a n s i ­
t i o n s  c o u l d  be  o b s e r v e d  o n l y  u n d e r  opt i mum e x p e r i m e n t a l
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c o n d i t i o n s  i n  t h e  cd  s p e c t r u m  o f  t h e  ( + ) - i s o m e r  a s  v e r y  weak 
b a n d s ,  [ 8 I 2 7 5  - 7 0 °  a nd  [ 0 I 2 3 2  " 6 0 0 °* * n d i l u t e  h y d r o c h l o r i c  
a c i d  a s i m i l a r  phenomenon o c c u r r e d ,  and  o n l y  one band  o f  
m o d e r a t e  i n t e n s i t y  c o u l d  be s e e n  a t  222 nm, [ s l max - 1 4 0 0 ° .
When t h e  m e t h a n o l i c  s o l u t i o n  uias b a s i f i e d ,  h o w e v e r ,  
t h e  n — ) v*  band r e a p p e a r e d ,  and  t h e  C o t t o n  e f f e c t  a t  300 nm 
c o u l d  e a s i l y  be m e a s u r e d  i n  b o t h  t h e  cd and  o r d  modes  ( F i g s ,  
1 3 ,  1 4 ) ,  D i l u t i o n  o f  t h e  s a mp l e  by o n e - f i f t h  d i d  n o t  g i v e  
t h e  e x p e c t e d  e l l i p t i c i t i e s  and  r o t a t i o n s  o f  o n e - f i f t h  i n t e n ­
s i t y ,  b u t ,  a g a i n ,  t h e  band  a t  300 nm seemed t o  d i s a p p e a r .
The b e n z e n e  t r a n s i t i o n s  wer e  m e a s u r a b l e  and  gave  v a l u e s  s i m i ­
l a r  t o  t h o s e  o b t a i n e d  i n  EPA s o l u t i o n .
L o s s  o f  t h e  k e t o n e  n  ) v*  C o t t o n  e f f e c t  can  be
e x p l a i n e d  by h e m i k e t a l  and  k e t a l  f o r m a t i o n  i n  a c i d i c  a n d ,
a p p a r e n t l y  t o  a l e s s e r  e x t e n t ,  i n  b a s i c  m e t h a n o l i c  m e d i a .
R e d u c t i o n  i n  t h e  a m p l i t u d e  o f  t h e  02u*  Al g  t r a n s i ­
t i o n  i n  a c i d i c  me d i a  c an  be e x p l a i n e d  due t o  l o s s  o f  homocon­
j u g a t i o n  w i t h  t h e  k e t o n e  g r o u p  wh i c h  i s  a p p a r e n t l y  no l o n g e r  
p r e s e n t  due  t o  k e t a l  f o r m a t i o n .  I t  h a s  b e e n  r e p o r t e d  t h a t  
t h e  b e n z e n o i d  t r a n s i t i o n  o f  t h e  h o m o c o n j u g a t e d  k e t o n e  37 i s  
o f  n o r ma l  i n t e n s i t y  i n  t h e  u l t r a v i o l e t ,  b u t  i s  e n h a n c e d  t o  
a g r e a t  e x t e n t  i n  t h e  cd ( [ 6 I 2 7 4  “ HOOD0 )* On t h e  o t h e r  h a n d ,  
t h e  a l c o h o l  38 d e m o n s t r a t e s  no o b s e r v a b l e  C o t t o n  e f f e c t  f o r  








x '  X
- 1 0
£  3 . 4 x 1 0 ” ^ 
















- 4 - x - x -
6
X (nm)
F i g .  1 4 ,  ORD S p e c t r u m  o f  31_ i n  B a s i c  M e t h a n o l
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The m a g n i t u d e  o f  t h e  e l l i p t i c i t y  o f  3^  d e s e r v e s  some 
comment ,  A numbe r  o f  p - p h e n y l  k e t o n e s  h a v e  b e e n  e x a mi n e d  by 
o r d  and  cd  and  h a v e  b e e n  shown t o  h a v e  e l l i p t i c i t i e s  i n  t h e  
o r d e r  o f  1 0 , 0 0 0 °  t o  1 0 0 , 0 0 0 ° . 3 7 , 3 8  I t  i s  a p p a r e n t  t h a t  t h e  
a n g l e  made by t h e  c a r b o n y l  and  a r y l  g r o u p s  i s  c r i t i c a l  f o r  
maximum o r b i t a l  i n t e r a c t i o n .  T h i s  s u g g e s t s  t h a t  t h e  e n a n t i o ­
m e r i c  31_ i s o m e r s  ( a )  a r e  o p t i c a l l y  i mp u r e  ( o r ,  mor e  a c c u r a t e l y ,  
s l i g h t l y  r e s o l v e d ) ,  ( b )  h a v e  p o o r  i n t e r a c t i o n  o f  t h e  o r b i t a l s ,  
o r  ( c )  a r e  s h o wi n g  n o n - i n t e r p r e t a b l e  r e s u l t s  b e c a u s e  o f  a
-in
" d o u b l e - h u m p e d "  c u r v e ,  o r  some o t h e r  ph e n o me n o n .  I n  v i e w
o f  t h e  e x a l t a t i o n  o f  t h e  uv a b s o r p t i o n ,  ( b )  d o e s  n o t  seem
p l a u s i b l e .  On t h e  o t h e r  h a n d ,  D r e i d i n g  mo d e l s  o f  _31 c o mp a r e d
w i t h  compounds  o f  e x c e p t i o n a l  e l e c t r o n i c  i n t e r a c t i o n  s u c h  a s
p a r a s a n t o n i d e  ( 3 6 )  show an  a n g u l a r  d i s t o r t i o n  t h a t  s u g g e s t s
t h a t  t h e  i n t e r a c t i o n  i s  much s m a l l e r ,
A number  o f  k e t o n e s  h a v e  b e e n  shown t o  e x h i b i t  cd
c u r v e s  i n  whi ch  two maxima a r e  d i s p l a c e d  f rom t h e  nor ma l
a b s o r p t i o n  wave l e n g t h s  b e c a u s e  o f  a m a t h e m a t i c a l  b a l a n c i n g
o f  two c l o s e  maxima o f  o p p o s i t e  s i g n .  Ex a mp l e s  i n c l u d e  s u c h
m o l e c u l e s  o f  f r e e  c o n f o r m a t i o n  a s  m e n t h o n e  ( 3 9 ) ,  a number
of  s t e r o i d s  h a v i n g  t h e  c a r b o n y l  g r o u p  i n  t h e  more  f l e x i b l e
A - r i n g  and  some v e r y  r i g i d  b i c y c l i c  k e t o n e s  s u c h  a s  i s o f e n -
c h o n e  (4J1) .  E x p l a n a t i o n  f o r  t h i s  phenomenon i n  t h e s e  t B r p e n e s
was b a s e d  on t h e  a s y m m e t r i c  s o l v a t i o n  o f  t h e  c h r o m o p h o r e .
T h i s  c o u l d  a l s o  e x p l a i n  t h e  d o u b l e - h u m p e d  c u r v e  o f  31_ s i n c e
t h e  r i g i d i t y  o f  t h e  m o l e c u l e  p r e c l u d e s  a c o n f o r m a t i o n a l  
4ne q u i l i b r i u m .  I t  l e a v e s  open t h e  q u e s t i o n  o f  o r b i t a l
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i n t e r a c t i o n  s i n c e  no a t t e m p t  a t  v a r i a b l e  t e m p e r a t u r e  cd  mas 
made ,
39 40
A p p l i c a t i o n  o f  t h e  O c t a n t  Ru l e  t o  31 f o r  D e t e r m i n a t i o n  of  t h e  
A b s o l u t e  C o n f i g u r a t i o n
The o c t a n t  r u l e  f o r  k e t o n e s  h a s  bee n  e x t e n d e d  t o  i n ­
c l u d e  p , Y - u n s a t u r a t e d  k e t o n e s . ^  S i n c e  t h e  h o m o c o n j u g a t e d  
s y s t e m  i s  c o n s i d e r e d  t o  be a d i s s y m m e t r i c  c h r o m o p h o r e ,  t h e  
f o l l o w i n g  p i c t o r i a l  s e c t o r  r u l e  h a s  been s u g g e s t e d .
F i g .  15 .  S e c t o r  Ru l e  f o r  p , y - U n s a t u r a t e d  K e t o n e s ^ l
52
The c o n f i g u r a t i o n  o f  t h e  l e f t  ( A) woul d  be e x p e c t e d  
t o  g i v e  a ( - ) - C o t t o n  e f f e c t  w h i l e  t h a t  on t h e  r i g h t  (B)  
woul d  e x h i b i t  a ( + ) - C o t t o n  e f f e c t .  A p p l i c a t i o n  o f  t h i s  t o  
31 i s  s u mma r i z e d  i n  F i g ,  16 .
BA
F i g .  1 6 ,  p , y - U n s a t u r a t e d  K e t o n e  Ru l e  A p p l i e d  t o  3_1
The i s o m e r  whi ch  c o r r e s p o n d s  t o  B woul d  g i v e  a ( + ) -  
C o t t o n  e f f e c t  n e a r  300 nm a n d  h a s  f o r  t h e  a b s o l u t e  c o n f i g u r a ­
t i o n  o f  t h e  a s y m m e t r i c  b r i d g e h e a d  c a r b o n  a t o ms  1R_, 5j>, and 
i s  t h e r e f o r e  d e s i g n a t e d  a s  ( + ) - { l_Ri5S ) - 3 - m e t h y l - 6 , 7 - b e n z o -  
3 - a z a b i c y c l o [ 3 , 3 . l l n o n e n - 9 - o n e .
The m i r r o r  i ma q e  i s o m e r  ( F i g ,  16A) h a s  t h e  a b s o l u t e  
c o n f i g u r a t i o n  o f  t h e  a s y m m e t r i c  a t o m s  1 £  a n d  5R_ and  i s  t h e r e ­
f o r e  ( - ) - ( 1 S i 5 R ) - 3 1 ,
53
The 6 , 7 - B e n z o m o r p h a n s  (7)
The b e n z o m o r p h a n s  ( 7 a - 7 g )  were  s u p p l i e d  i n  9 7 - 1 0 0 c,4 
o p t i c a l  p u r i t y ,  and b e a r  t h e  f o l l o w i n g  s t r u c t u r e s i
■N-R
7
7a a - ( - ) ,  R=R’ =CH3 , R"=H 
7b 3 - ( - ) ,  R =R * =CH3 , R" =H 
7c c r - ( - ) , R=R’ =R"=CH3
7d a - (  +) a nd  ( - ) ,  R=CH3 , R’ =CH2 CH3 , R"=H
7_e 3 - ( - ) ,  R=CH3 , R' =CH2 CH3 , R"=H
7 f  a - ( - ) ,  r = c h 2 c h 2 0 ,  R ' = c h 3 , R" SH
7 £  a. -(  +) and  ( - ) ,  R=CH2 CH2 0 ,  R' =R"=CH3
7h ( - ) »  RsR*'=H, R’ =CH2 CH3  ( The  c o n f i g u r a t i o n  
a t  p o s i t i o n  9 i s  u n k n o wn , )
U l t r a v i o l e t  S p e c t r a  o f  7
The u l t r a v i o l e t  s p e c t r a  ( m e t h a n o l )  o f  a l l  d e r i v a t i v e s  
o f  1_ e x h i b i t  two m a j o r  b a n d s .  The l o n g  wave l e n g t h  b a n d ,  
a p p e a r i n g  b e t w e e n  2 8 0 - 2 9 0  nm ( 3  2 2 0 0 - 2 5 0 0 ) ,  r e p r e s e n t s  t h e  
9 2 u< Al g  t r a n s i t i o n  o f  t h e  b e n z e n e ,  and  a p p e a r s  t o  r e ma i n  
u n c h a n g e d  upon  c o n v e r t i n g  f r e e  b a s e s  t o  h y d r o c h l o r i d e s  and  
h y d r o b r o m i d e s  t o  f r e e  b a s e s  ( e . g .  F i g ,  1 7 ) ,  A l l  t h e  compounds  
e x h i b i t  some i n d i c a t i o n  o f  f i n e  s t r u c t u r e  whi ch  i s  more
3 . 8
f r e e  b a s e  
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F i g .  1 7 .  UU S p e c t r a  o f  7a. *n M e t h a n o l  a s  F r e e  Ba s e  a nd  H y d r o c h l o r i d e
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p r o n o u n c e d  i n  t h e  compounds  w i t h  me t h o x y  s u b s t i t u e n t s  ( 7c t 
7 g ) ,  A d d i t i o n a l  F i n e  s t r u c t u r e  c an  be s e e n  i n  t h e  s p e c t r a  
o f  t h e  p h e n e t h y l  d e r i v a t i v e s  (7_f,  7jg_), no d o u b t  a c o n t r i b u ­
t i o n  o f  t h e  s e c o n d  p h e n y l  g r o u p ,  b u t  t h e  m o l a r  e x t i n c t i o n  
c o e f f i c i e n t s  a r e  n o t  d e t e c t a b l y  c h a n g e d ,
A s e c o n d  t r a n s i t i o n  c an  be s e e n  n e a r  2 2 0 - 2 3 0  nm 
( t: 5 5 0 0 - 6 5 0 0 )  and  u s u a l l y  a n p e a r s  a s  two s h o u l d e r s  on a 
l a r g e r  b a c k g r o u n d  c u r v e .  I n  t h i s  c a s e ,  t h e  b a n d s  a r e  u s u a l l y  
more  d i s t i n c t  f o r  t h e  h y d r o h a l i d e  s a l t s  t h a n  f o r  t h e  f r e e  
b a s e s .  T h i s  t r a n s i t i o n  woul d r e p r e s e n t  t h e  f i r s t  p r i m a r y  
band (R l u < A 1 ) o f  t h e  p h e n y l .  The f a c t  t h a t  t h e  band  does  
n o t  d i s a p p e a r  o r  d i m i n i s h  i n  a c i d i c  s o l u t i o n  i n d i c a t e s  t h a t  
i t  i s  n o t  t h e  n — ) o* t r a n s i t i o n  o f  t h e  a m i n e .
The t h i r d  band  whi ch  r e a c h e s  a maximum be l ow 200  nm 
i s  o f  l a r g e  i n t e n s i t y  and  c o u l d  n o t  be m e a s u r e d .  I t  p r o b a b l y  
r e p r e s e n t s  t h e  s e c o n d  p r i m a r y  band  t h e  p h e n y l
g r o u p ,  wh i c h  wo u l d  be e x p e c t e d  t o  a p p e a r  a t  a b o u t  190 nm.  
O p t i c a l  R o t a t o r y  D i s p e r s i o n  and  C i r c u l a r  D i c h r o i s m  S p e c t r a  
o f  t h e  6  , 7 - B e n z o m o r p h a n s ( 7 )
The o r d  s p e c t r a  o f  t h e s e  compounds  a r e  r a t h e r  c o m p l e x ,  
a nd  i n t e r p r e t a t i o n  i s  d i f f i c u l t .  I n  e a c h  c a s e  t h e  f i r s t  e x ­
t remum a p p e a r s  b e t we e n  2 9 0 - 2 9 5  nm and  t h e  s e c o n d  a p p e a r s  a r o u n d  
270 nmj t h e  C o t t o n  e f f e c t  may e x h i b i t  r e v e r s a l  o f  s i g n ,  b u t  
i t  i s  n e v e r  s y m m e t r i c a l l y  d i s p o s e d  a b o u t  t h e  z e r o  l i n e  ( e . g .  
F i q ,  I B ) ,  F i n e  s t r u c t u r e  may be s e e n  i n  some o f  t h e  c u r v e s ,  
a q a i n  b e i n g  more  p r o n o u n c e d  i n  t h e  me t h o x y  d e r i v a t i v e s .  The 
a m p l i t u d e  i s  d e c r e a s e d  i n  t h e  f r e e  b a s e  r e l a t i v e  t o  t h e  h y ­
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F i g .  1 8 ,  ORD, CD a nd  UV S p e c t r a  o f  7c*HBr  i n  M e t h a n o l
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i n  t h e  i n t e n s i t i e s  o f  l o w e r  wave l e n g t h  b a n d s .  The a m p l i t u d e s  
o f  t h e  h y d r o h a l i d e  s a l t s  r a n q e  f rom 5 0 - 5 5  and  f o r  t h e  f r e e  
b a s e s  f rom 4 0 - 4 5 ,
I t  i s  a p p a r e n t  t h a t  a s e c o n d  C o t t o n  e f f e c t ,  g e n e r a l l y  
o f  o p p o s i t e  s i g n  t o  t h a t  a t  l o n g  wave l e n g t h ,  e x i s t s  i n  t h e  
r e q i o n  o f  t h e  275 nm band i n  t h e  u l t r a v i o l e t ,  and a p p e a r s  t o  
v a r y  c o n s i d e r a b l y  i n  a m p l i t u d e  a n d  s h a p e  b e t we e n  t h e  f r e e  
b a s e s  and t h e  s a l t s  ( F i q .  1 9 ) ,
The cd s p e c t r a ,  i n  a l l  c a s e s ,  e x h i b i t  a b a n d  n e a r  
290 nm, c o r r e s p o n d i n g  t o  t h e  ^ ^ u ^ — ^ 1 q t r a n s i t i o n ,  and  a 
s e c o n d  band  n e a r  225 nm, c o r r e s p o n d i n g  t o  t h e  
t r a n s i t i o n  ( F i g ,  2 0 ) .  Wi t h t h e  e x c e p t i o n  o f  t h e  p h e n e t h y l  
d e r i v a t i v e s ,  7_f and  7 g ,  a s  t h e  f r e e  b a s e s ,  t h e  two t r a n s i ­
t i o n s  a r e  o f  o p p o s i t e  s i g n .  Such o p p o s i t i o n  of  s i g n  o f  t he  
two bands  h a s  been r e p o r t e d  f o r  a number  o f  a r o m a t i c  compounds  
a nd  i s  c o n s i d e r e d  " n o r m a l " , ^  As i n  t h e  u l t r a v i o l e t  and  o r d  
s p e c t r a ,  t h e  l o n q  wave l e n g t h  b a n d  a p p e a r s  n e a r l y  u n c h a n g e d  
b e t we e n  t h e  f r e e  b a s e s  and t h e  h y d r o h a l i d e  s a l t s  ( F i q ,  2 0 ) ,
I n  f a c t ,  o n l y  two c o mp o u n d s ,  7c_ and  7_e, e x h i b i t  a d i f f e r e n c e  
i n  a m p l i t u d e  o f  a s  much a s  ID p e r c e n t  i n  c o m p a r i n g  t h e  s a l t  
t o  t h e  f r e e  b a s e ,  and  t h e  e l l i p t i c i t y  v a l u e s  o f  t h e  e n t i r e  
s e r i e s  a r e  q u i t e  s i m i l a r  t o  one  a n o t h e r  ( T a b l e  l ) .  The l ow­
e s t  e l l i p t i c i t i e s  o c c u r  when f i n e  s t r u c t u r e  i s  more  p r o n o u n c e d  
( i  , b . more s e p a r a t i o n ) .  The i n t e n s i t i e s  o f  t h e  i n d i v i d u a l  
s e p a r a t e d  b a n d s  woul d  be  s m a l l e r  t h a n  t h e  r e s u l t i n g  s ummat i on  
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T a b l e  1
n 4----  A, „ C o t t o n
2 u l q E f f e c t  o f  t h e  6 , 7 - B e n z o m a r p h a n s  (7.)
Compound Xmax <nm>
-  ) - 7 a  ( b a s e ) 282 - 4 5 0 0 °
(HC1) 281 - 4 8 0 0 °
- ) - 7 b  ( b a s e ) 2B4 - 3 6 0 0 °
(HBr ) 285 - 3 7 5 0 °
-  ) - 7 c  ( b a s e ) 283 - 5 0 0 0 °
( H 9 r ) 28 7 ,  278 - 3 9 0 0 ° ,  - 4 1 0 0 °
+ )-7_d ( b a s e ) 283 +3900°
(HC1) 283 - 3 7 5 0 °
- ) - 7 d  ( b a s e ) 283 - 3 9 0 0 °
(HC1) 283 - 3 7 5 0 °
-  ) - 7 e  ( b a s e ) 285 - 3 9 0 0 °
( HC1 ) 283 - 4 7 0 0 °
-  ) - 7 f  ( b a s e ) 2 8 9 ,  281 - 3 4 0 0 ° ,  - 3 9 0 0 °
( HBr ) 282 -----  , - 3 9 0 0 °
+ ) - 7 q  ( b a s e ) 2 8 7 . 5 ,  281 + 3 1 0 0 ° ,  +3900°
( H9 r ) 2 8 8 ,  279 + 3 5 0 0 ° ,  +3700°
-  ) - 7 q  ( b a s e ) 28 8 ,  280 - 3 6 0 0 ° ,  - 4 0 0 0 °
(HBr ) 2 8 7 . 5 ,  2 7 9 . 5 - 3 9 0 0 ° ,  - 4 1 5 0 °
- ) - 7 h  ( b a s e ) 285 - 3 6 0 0 °
(HC1) 284 - 3 5 5 0 °
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S i n c e  t h e s e  v a l u e s  a r e  n e a r l y  i n v a r i a b l e ,  t h e  d a t a  
w i l l  be t r e a t e d  i n  t h i s  manne r  r a t h e r  t h a n  a t t e m p t i n g  t o  
i n t e r p r e t  s m a l l  and  s u b t l e  c h a n g e s .
The C o t t o n  e f f e c t  which a p p e a r s  n e a r  225 nm i s  much
more v a r i a b l e .  As a r u l e ,  t h e  h y d r o h a l i d e  s a l t s  g i v e  C®lmax
v a l u e s  whi ch  a r e  two t o  f o u r  t i m e s  l a r g e r  t h a n  t h o s e  o f  t h e
f r e e  b a s e s  ( F i g ,  2 1 ) ,  The h y d r o h a l i d e s  o f  7_a and 7j: g i v e
t h e  l a r g e s t  C o t t o n  e f f e c t s  ( T s l  10000 a n d  1 1 0 0 0 ° )  w h i l emax
t h e  p h e n e t h y l  c omp o u n d s ,  7_f and  7 ^ ,  g i v e  t h e  s m a l l e s t  v a l u e s  
([el 5300 and  5 0 0 0 ° ) ,  For  t h e  f r e e  b a s e s ,  t h e  r a n g e  o f  
v a l u e s  i s  s omewhat  s m a l l e r ,  b u t  a g a i n ,  7a a n d  ]_c 0 i ye t h e  
l a r g e s t  v a l u e s  ( C ^ max +5550°  and  + 4 1 0 0 ° ) ,  The s m a l l e s t  
v a l u e  o b t a i n e d  f o r  a " n o r ma l  c u r v e "  i s  g i v e n  by 7 d ,  The 
s m a l l e s t  d i f f e r e n c e  b e t we e n  t h e  a c i d  and  b a s e  f orms  i s  g i v e n  
by t h e  s e c o n d a r y  ami ne  7j i ,  The d a t a  f o r  t h e  225 nm C o t t o n  
e f f e c t  a r e  s u mma r i z e d  i n  T a b l e  2 ,
As m e n t i o n e d  b e f o r e ,  t h e  p - p h e n e t h y l  comp o u n d s ,  7_f 
and  Ijl*  do n o t  e x h i b i t  " n o r ma l  c u r v e s "  a s  t h e  f r e e  b a s e s  ( F i q .  
2 2 ) ,  I t  i s  somewhat  d i f f i c u l t  t o  a s c e r t a i n  w h e t h e r  t h e  band 
b e t w e e n  225 a n d  230 nm,  i n  t h e  s p e c t r u m  o f  t h e  b a s e ,  r e p r e ­
s e n t s  a C o t t o n  e f f e c t  o f  a b n o r ma l  s i g n  o r  a nor ma l  C o t t o n  
e f f e c t  s u p e r i m p o s e d  on a v e r y  s t r o n g  t r a n s i t i o n  n e a r  2 0 0  nm. 
I n s p e c t i o n  o f  t h e  o r d  s p e c t r a  o f  7_f ( F i q ,  2 3 )  l e a d s  t o  t h e  
c o n c l u s i o n  t h a t  t h e  C o t t o n  e f f e c t  d o e s  c h a n g e  s i g n .  The c u r v e  
o f  t h e  f r e e  b a s e  i n c r e a s e s  i n  n e g a t i v e  v a l u e  much mor e  r a p i d l y  
t h a n  d oe s  t h a t  o f  t h e  h y d r o b r o m i d e , and  i t  a p p e a r s  t o  g i v e  
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Bl u* C o t t o n
T a b l e  2 
E f f e c t  o f  t h e 6 , 7 - B e n z o m o r p b a n s  ( ^ )
Compound ^max [elu max
(-)-Va ( b a s e ) 228 +5550°
( HC1 ) 2 2 7 , 5 +1 1 0 0 0 °
( - ) - 7 b ( b a s e ) 227 +3000°
(HBr ) 228 +8100°
( - ) - 7 c ( b a s e ) 226 +4100°
(HBr ) 2 2  8 +1 0 0 0 0 °
( + ) - 7 d ( b a s e ) 230 - 1 7 5 0 °
(HC1) 2 3 2 ,  228 - 5 9 0 0 ° ,  - 6 3 0 0 °
( - ) - Z d ( b a s e ) c a . 228 +1 2 0 0 °
( HC1) 229 +4700°
( - ) - 7 e ( b a s e ) 227 +2800°
(HC1) 228 +8200°
( - ) - 7 £ ( b a s e ) 231 ( 2 2 5 ) - 2 9 0 0 °  ( - 1 8 0 0 ° )
(HBr ) 228 +4900°
( b a s e ) 228 ( 2 2 7 ) +4BD0° ( + 4 4 0 0 ° )
(HBr ) 231 - 4 1 0 0 °
( - ) - Z a ( b a s e ) 231 ( 2 2 5 ) - 5 8 0 0 °  ( - 5 6 0 0 ° )
( HBr ) 229 +3300°
( - ) - T h ( b a s e ) 229 +3900°
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f o r  a p e a k  b e t we e n  245 and  250  nm, I n  s i m i l a r  s y s t e m s  i t  h a s  
been s u g g e s t e d  t h a t  t h e  r e v e r s a l  o f  s i g n  i n  b a s i c  med i a  r e ­
s u l t s  f r om c o n v e r t i n g  t h e  p h e n o l  t o  t h e  p h e n o x i d e  a n i o n , ^
Th i s  i s  o b v i o u s l y  n o t  t h e  c a s e  h e r e t  d i l u t e  ammonia  i s  n o t  
a s u f f i c i e n t l y  s t r o n g  b a s e  t o  i o n i z e  t h e  p h e n o l  and  o n l y  t h e  
p h e n e t h y l  compounds  e x h i b i t  t h i s  p h e nome non ,  one  o f  whi ch  
b e a r s  a me t hoxy  q r o u p .  O t h e r  p h e n o l s  i n  t h i s  s e r i e s  do n o t  
e x h i b i t  t h i s  r e v e r s a l .
Low Wave Le n g t h   Al g )  T r a n s i t i o n  o f  7_b
The o r d  a n d  cd s p e c t r a  of  7_b»H3r ( F i q ,  2 4 ) ,  d e t e r ­
mi ned i n  a q u e o u s  s o l u t i o n ,  e x h i b i t  an i n t e n s e  C o t t o n  e f f e c t
n e a r  190  nm a r i s i n q  f rom t h e  E  ^(J -^---  A ^  t r a n s i t i o n .  The band
i n  t h e  c d  a p p e a r s  a s  a d o u b l e t ,  wh i ch  was r e p r o d u c i b l e  i n  
t h r e e  s e p a r a t e  d e t e r m i n a t i o n s  o f  t h e  s p e c t r u m .  The n a t u r e  
o f  t h e  two weak t r a n s i t i o n s  i n  t h e  2 0 0 - 2 1 0  nm r e g i o n  i s  u n ­
known,  I t  i s  a p p a r e n t  t h a t  t h e  o b s e r v e d  d i s s y m m e t r y  o f  t h e  
l o n g  wave l e n g t h  C o t t o n  e f f e c t s  a b o u t  t h e  z e r o  l i n e  i n  t h e  
o r d  i s  due t o  t h e  i n f l u e n c e  o f  t h i s  t r a n s i t i o n .
R e c e n t l y  t h e  o r d  s p e c t r a  h a v e  been  r e p o r t e d  f o r  7_a 
and  7b a s  t h e  f r e e  b a s e s ,  h y d r o b r o m i d e s ,  and  m e t h i o d i d e s  
G e n e r a l l y  good a g r e e m e n t  i s  f ound  a s  t o  p o s i t i o n  o f  p e a k s  
and t r o u g h s ,  b u t  a d i s p a r i t y  o f  a power  o f  t e n  i n  r o t a t i o n a l  
v a l u e s  i s  o b s e r v e d ,  t h e  r e s u l t s  r e p o r t e d  h e r e  b e i n g  t h e  l o w e r .  
The v a l u e s  of  t h e  D - l i n e  r o t a t i o n s ,  m e a s u r e d  f r o m t h e  o r d  
s p e c t r a ,  i n  no c a s e  d i f f e r  by more  t h a n  25 p e r c e n t  f rom t h e  
l i t e r a t u r e  v a l u e s ,  ( A p p e n d i x ) ,  S o l v e n t  e f f e c t s  and  u s e  o f  
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d i s c r e p a n c y ,  A l t h o u q h  r o t a t i o n s  may e x h i b i t  a s t r o n g  d e p e n ­
d e n c y  on s o l v e n t ,  o n l y  n e g l i g i b l e  d i f f e r e n c e s  were  s e e n  i n  
t h e  s p e c t r a  o f  ^7b i n  w a t e r  and  i n  m e t h a n o l ,  V a l u e s  o f  o r d  
a m p l i t u d e  d e t e r m i n e d  on t h e  Ca r y  60 and  t h e  Ru d o l p h  i n s t r u -
i  r
ment  g e n e r a l l y  d i f f e r  o n l y  by 10-1575.  The r e p o r t e d  a s s i g n ­
me n t  o f  t h e  i n f l e c t i o n  n e a r  2 4 0 - 2 5 0  nm i n  t h e  o r d  a s  a p e a k  
i s  I n  e r r o r .  The c d  s p e c t r a  u n e q u i v o c a l l y  d e m o n s t r a t e  t h a t  
t h i s  i s  n o t  t h e  b e g i n n i n o  o f  t h e  230 C o t t o n  e f f e c t ,  s i n c e  
no e l l i p t i c i t y  i s  o b s e r v e d  i n  t h i s  r e g i o n .
D e t e r m i n a t i o n  o f  A b s o l u t e  C o n f i g u r a t i o n  and  D e v e l o p me n t  o f  
a S e c t o r  Ru l e
I t  i s  e v i d e n t  f rom t h e  d a t a  p r o v i d e d  by t h e  s e r i e s  
o f  b e n z o mo r p h a n s  t h a t  p o s t u l a t i o n  o f  a s e c t o r  r u l e  f o r  
d e t e r m i n a t i o n  o f  t h e i r  r e l a t i v e  c o n f i g u r a t i o n s  i s  u n n e c e s ­
s a r y ,  Knowl edge  o f  t h e  s i g n  o f  t h e  f i r s t  C o t t o n  e f f e c t  ( 2 8 0  
nm) i s  s u f f i c i e n t .  Howeve r ,  s i n c e  i n  no c a s e  d o e s  t h e  s i g n  
o f  t h i s  d i f f e r  f rom t h e  s i g n  o f  t h e  r o t a t i o n  a t  t h e  D - l i n e ,  
a k n o wl e d q e  o f  t h e  l a t t e r  m i g h t  s u f f i c e  i n  p r e d i c t i n g  t h e  
r e l a t i v e  c o n f i g u r a t i o n .  The compounds  c o n t a i n  t h r e e  a s y m m e t r i c  
c a r b o n  a t o m s ,  and  t h e  r e l a t i v e  c o n f i g u r a t i o n s  a t  C^ and  C5 
a r e  e a s i l y  d e t e r m i n e d  f rom t h e  g e n e r a l  s h a p e  o f  e i t h e r  t h e  
o r d  o r  cd c u r v e s .  Wo s u c h  s i m p l e  o b s e r v a t i o n  c a n  be a p p l i e d  
f o r  p r e d i c t i o n  of  t h e  c o n f i g u r a t i o n  a t  p o s i t i o n  9 ,
The a b s o l u t e  c o n f i g u r a t i o n  o f  ( -  ) - 7 d  i s  known t o  be 
1 £ i 5 £ i 9 £  s i n c e  i t  h a s  been  p r e p a r e d  v i a  d e g r a d a t i o n  o f  t h e -  
b a i n e  ( 3 ) . ^  A l l  t h e  ( - ) - d e r l v a t i v e s  o f  7 b e a r  t h e  same 
1 £ i 5 R  c o n f i g u r a t i o n  1 ( - ) - c t - d e r i v a t i v e s  a r e  9 £  a n d  ( - ) - 6 -
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d e r i v a t i v e s  a r e  9J3. The o p p o s i t e  c o n f i g u r a t i o n s  m i l l  be p r e ­
s e n t  i n  e n a n t i o m e r i c  f o r m s .
On t h e  one  h a n d ,  i t  mi g h t  a p p e a r  t h a t  t h e  l a c k  o f  
s i g n i f i c a n t  c h a n g e  i n  t h e  260  nm C o t t o n  e f f e c t  due t o  s u b s t i ­
t u e n t  v a r i a t i o n s  moul d  t h w a r t  e f f o r t s  t o  p o s t u l a t e  a s e c t o r  
r u l e  f o r  t h e  p h e n y l  c h r o m o p h o r e .  I t  m i g h t  a l s o  be p o s s i b l e  
t h a t  t h e s e  d a t a  d e f i n e  a r i g i d  s e t  o f  c o n d i t i o n s  a c c o r d i n g  
t o  whi ch  a s e c t o r  r u l e  c o u l d  be f o r m u l a t e d .
I t  can  be a s s ume d  t h a t  t h e  n i t r o g e n  a t om and s u b s t i ­
t u e n t s  t h e r e o n  make mi n o r  c o n t r i b u t i o n s  t o  t h e  p e r t u r b a t i o n  
of  t h e  a r o m a t i c  r i n g .  The p r e s e n c e  a n d  n a t u r e  o f  s u b s t i t u e n t s  
a t  t h e  5 and 9 p o s i t i o n s  seem t o  b e a r  l i t t l e  i m p o r t .  I t  ha s  
been r e p o r t e d  t h a t  t h e  c o n f i g u r a t i o n  a t  Cg i s  u n i m p o r t a n t , ^  
and t h i s  seems  t o  be t h e  c a s e .
P r e v i o u s  w o r k e r s  h a v e  a t t e m p t e d  t o  d e f i n e  an " o c t a n t
r u l e "  f o r  b e n z e n e  i d e n t i c a l  t o  t h e  h i g h l y  s u c c e s s f u l  r u l e  
12 13f o r  k e t o n e s ,  * I t  i s  n o t  o b v i o u s  t h a t  s u c h  a r u l e  i s  
p o s s i b l e  f o r  a c h r o m o p h o r e  o f  s uch  g r e a t  c o m p l e x i t y .  I n  t h e  
c a s e  o f  c y c l o h e x a n a n e s , t h e  s e c t o r  r u l e  i s  b a s e d  on t h e  sym­
m e t r y  o f  t h e  g r o u n d  and t h e  tr* s t a t e s ,  ^  and t h i s  c a n  l o g i c a l l y  
be e x t e n d e d  t o  form t h e  o c t a n t  r u l e .
Be n z e n e ,  h o we v e r ,  e x h i b i t s  two e l e c t r o n i c  t r a n s i t i o n s  
i n  t h e  u l t r a v i o l e t  s p e c t r u m  a bove  200 nm.  The l o w e s t  l y i n g  
u n o c c u p i e d  v  o r b i t a l s  a r e  t h e  d e g e n e r a t e  a n t i b o n d i n g  and  
Hg o r b i t a l s ,  d e s i g n a t e d  a s  i t *.  As an a d d i t i o n a l  c o m p l i c a t i o n ,  
t h e  h i g h e s t  o c c u p i e d  v  o r b i t a l s ,  i t j  a nd  tr-j, b t b  a l s o  d e g e n e r ­
a t e ,  i n d i c a t i n g  t h a t  t h e  u l t r a v i o l e t  s p e c t r a l  b a n d s  c o u l d
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47a r i s e  f rom any one  o f  f o u r  p o s s i b l e  t r a n s i t i o n s .
Bo t h  t h e  and  o r b i t a l s  c o n t a i n  t wo o u t  o f  r i n g  
n o d a l  p l a n e s .  The r i n g  i t s e l f  i s  i n  a t h i r d  p l a n e ,  a nd  n o d e s  
b e h i n d  t h e  r i n q  a r e  o f  o p p o s i t e  s i g n  t o  t h o s e  i n  f r o n t  ( F i g .  
2 5 ) ,  The o r b i t a l  may be v i e w e d  a s  e i g h t  s e c t i o n s  o f  e q u i ­
v a l e n t  v o l u me j  t h i s  i s  n o t  p o s s i b l e  f o r  -tt^ .
z
A
v m iw vi \ »
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F i g ,  2 5 ,  Noda l  P l a n e s  i n  t h e  ( ( A ) ,  a l o n g  z a x i s  a b o v e  
p l a n e ,  (B)  a l o n g  y a x i s )  a nd  O r b i t a l s  o f  Be n z e n e
I f  tt, i s  t h e  e x c i t e d  s t a t e  i n v o l v e d  i n  e i t h e r  o f  t h e  4
p h e n y l  v  — ) rr* t r a n s i t i o n s  u n d e r  c o n s i d e r a t i o n ,  a s e c t o r  r u l e  
b a s e d  on q u a d r a n t s  o r  o c t a n t s  may be p o s s i b l e .  S i n c e  t h e  
l o c a t i o n  o f  t h e  n o d a l  p l a n e s  i s  d i f f i c u l t  t o  d e t e r m i n e  i n  
t h e  c a s e  o f  u n s y m m e t r i c a l l y  s u b s t i t u t e d  b e n z e n e s ,  i t  h a s  bee n  
s u g g e s t e d  t h a t  a v i e w down t h e  a x i s  o f  h i g h e s t  l o c a l  ( i . e .  
p h e n y l )  s y m m e t r y ^  o r  a l o n g  t h e  a x i s  o f  g r e a t e s t  p o l a r i z a -  
b i l i t y ^  woul d  s u f f i c e .
The 1 , 2 , 4 - t r i s u b s t i t u t e d  b e n z o mo r p h a n s  c o n t a i n  o n l y  
one  a x i s  o f  l o c a l  s y mme t r y ,  an S2 a x i s  t h r o u g h  t h e  3 * ,  6 
p o s i t i o n s  i n t o  t h e  a s y m m e t r i c  b e n z y l i c  c a r b o n  a t  p o s i t i o n  5 ,
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I t  woul d  be r e a s o n a b l e  t o  e x p e c t  t h e  a x i s  o f  g r e a t e s t  p o l a -  
r i z a b i l i t y  t o  l i e  t h r o u g h  t h e  OH o r  DCH^ g r o u p  on t h e  r i n g ,  
e r g o  t h e  2 ' , 7  - a x i s .  T h e s e  a r e  d i s c u s s e d  belouu.
Ca s e  I t  The  2 ' , 7  - a x i s
I f  s q u a r e  c o o r d i n a t e s  a r e  a s s i g n e d  a s  one  v i ews  
a l o n g  t h e  2 * , 7  - a x i s  ( p o l a r i z a b i l i t y  a x i s )  o f  a  ( - ) - 6 , 7 -  
b e n z omor phan  i n  t h e  p l a n e  o f  t h e  r i n g ,  t h e  m o l e c u l e  i s  a r r a n g e d  
i n  t h e  manne r  d e p i c t e d  i n  F i g ,  2 6 .
F i g ,  2 6 ,  ( - ) - 9 e n 7 omor phan  a s  Vi e we d  Along 2 * , 7  - A x i s
I t  c a n  be s e e n  t h a t  t h i s  d o e s  n o t  me e t  c o n d i t i o n s  
r e q u i r e d  f o r  a s e c t o r  r u l e  d e s c r i b i n g  t h e  t r a n s i ­
t i o n ,  Al l  g r o u p s  l i e  e n t i r e l y  i n  t h e  r e a r  o c t a n t s j  t h e  f r o n t  
s e c t o r s  can be  n e q l e c t e d .  The c o n f i g u r a t i o n  a t  c a r b o n  9 woul d 
be i m p o r t a n t  s i n c e  t h e  9cr s u b s t i t u e n t s  l i e  w e l l  i n t o  l o w e r  
r i g h t  hand q u a d r a n t  w h i l e  96 s u b s t i t u e n t s  a r e  d i r e c t e d  away 
f rom t h e  p h e n y l  r i n g  a n d  n e a r  a n o d a l  p l a n e .
72
The n i t r o g e n  l i e s  w e l l  i n t o  t h e  u p p e r  r i g h t  s e c t o r ,  
and  woul d  be e x p e c t e d  t o  make a l a r g e  c o n t r i b u t i o n ,  More­
o v e r ,  t h e  c o n t r i b u t i o n  o f  t h e  5 , 9 - s u b s t i t u e n t s  o p p o s e  t h o s e  
o f  t h e  ami no g r o u p .  To be c o n s i s t e n t  w i t h  t h e  d a t a ,  t h e  two 
g r o u p s  i n  t h e  l o w e r  r i g h t  s e c t o r  wou l d  n e e d  t o  n e a r l y  b a l a n c e  
t h e  e f f e c t  o f  t h e  a m i n e .
Case  l i t  T h e  3 ' . 6  - a x i s
I n  v i e w i n g  down t h e  3 ' , 6  - a x i s  ( a x i s  o f  h i g h e s t  l o c a l  
s y mme t r y )  t h e  p r o j e c t i o n  o f  a ( - ) - b e n z o m o r p h a n  i s  a s  f o l l o w s !
F i q ,  2 7 ,  ( - ) - B e n z o mo r p h a n  a s  Vi ewed Al ong t h e  3 ' , 6  - a x i s
Here  a g a i n  t h e  model  d oe s  n o t  a p p e a r  c o n s i s t e n t  w i t h  
t h e  d a t a .  The a mi n o  g r o u p  s h o u l d  make a l a r g e  c o n t r i b u t i o n  
i f  i t  i s  a b l e ,  a n d  t h e  s t e r e o c h e m i s t r y  o f  p o s i t i o n  9 woul d  
be i m p o r t a n t ,  a l t h o u g h  i t  i s  s omewhat  n e a r e r  t h e  v e r t i c a l  
n o d a l  p l a n e  t h a n  i n  Case  I ,
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C a s e  1 1 1 1 The A x i s  Be t we en  2 I - 3 I a n d  6 - 7
T h r e e  a x e s  a r e  n e e d e d  t o  d e f i n e  a l l  p o s s i b l e  o r i e n ­
t a t i o n s  o f  t h e  p h e n y l  r i n g ,  ( O t h e r s  r e p r e s e n t  e i t h e r  9 0 °  
o r  180°  r o t a t i o n s ,  a n d  woul d  be r e d u n d a n t , )  The t h i r d  n e c e s ­
s a r y  a x i s  c a n  be t h e  a x i s  b i s e c t i n g  t h e  2 ' -Z'  a n d  6 - 7  b o n d s ,  
c a l l e d  t h e  midway a x i s .
R ----
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i n»uma, > « ».<i
F i g ,  2 8 ,  ( - ) - B e n z a mo r p h a n  a s  Vi ewed Al ong Midway Ax i s
Of t h e  t h r e e  p o s s i b i l i t i e s ,  t h i s  a p p e a r e d  t o  be mos t  
n e a r l y  c o n s i s t e n t  w i t h  t h e  d a t a .  The 9 - p o s i t i o n  i s  q u i t e  
n e a r  a n o d a l  p l a n e ,  a s  i s  t h e  n i t r o g e n  a t o m ,  and t h e  c o n t r i ­
b u t i o n s  o f  an  a - s u b s t i t u e n t  s h o u l d  be s m a l l .  The c o n f i g u r a ­
t i o n  o f  p o s i t i o n  9 wo u l d  make s m a l l ,  and  p e r h a p s  u n d e t e c t a b l e ,  
d i f f e r e n c e s .  I n  a l l  t h r e e  p r o j e c t i o n s  t h e  s u b s t i t u e n t s  on 
t h e  a s y m m e t r i c  b e n z y l i c  c a r b o n  a t om ( C g ) ,  whi ch  i n  f a c t  
d e t e r m i n e s  t h e  g e o m e t r y  o f  t h e  e n t i r e  r i n g  s y s t e m ,  wou l d  be 
i m p o r t a n t ,  a n d  i n  e a c h  c a s e  t h e n a t u r e  o f  R'  on t h a t  a t om
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may,  o r  may n o t ,  make a m e a s u r a b l e  c o n t r i b u t i o n .  I f  t h e  back  
o c t a n t s  o f  t h e  p r o j e c t i o n  a l o n g  t h e  midway a x i s  a r e  s i g n e d  
a s  f o l l o w s ,  a s e c t o r  r u l e  i s  o b t a i n e d  whi ch  i s  c o n s i s t e n t  w i t h  
t h e  d a t a .
+ -
I f  t h e  c o n t r i b u t i o n  o f  t h e  m e t h y l e n e  g r o u p s  (C^ and 
C^)  whi ch  a r e  p r o j e c t e d  i n t o  t h e  u p p e r  r i g h t  r e a r  o c t a n t  do 
n o t  d o m i n a t e  t h e  s i g n  o f  t h e  C o t t o n  e f f e c t  ( i . e .  make m a j o r  
c o n t r i b u t i o n s ) ,  t h e  s e c t o r  r u l e  i s  c o n s i s t e n t  w i t h  t h e  s p e c t r a  
g i v e n  by t h e  6 , 7 - b e n z o m o r p h a n s . E x a m i n a t i o n  o f  t h e  r e p o r t e d  
o r d  and  c d  s p e c t r a  of  s e v e r a l  m o r p h i n a n  ( £ )  and m o r p h i n e  d e ­
r i v a t i v e s  c o n f i r m s  t h e  v a l i d i t y  o f  t h i s  a s s u m p t i o n .
L e v o r p h a n o l  (.41) i s  a s i m p l e  m o r p h i n a n ,  d i f f e r i n g  
f rom t h e  6 , 7 - b e n z o m o r p h a n  7jj o n l y  i n  t h a t  t h e  5 , 9 - d i e t h y l  
s u b s t i t u e n t s  a r e  j o i n e d ,  f o r m i n g  a f o u r t h  r i n g .
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Compound 41_ g i v e s  t h e  p r o j e c t i o n  shown i n  F i g .  2 9 .  
The s y s t e m  i s  s t r a i n - f r e e  and  t h e  a r r a n g e m e n t  i s  i d e n t i c a l  
t o  t h a t  o f  7 d .  Howeve r ,  s i n c e  t h e  5 , 9 - d i e t h y l  g r o u p s  a r e  
f u s e d  i n t o  a r i n g ,  t h e y  c a n n o t  move i n t o  a d j a c e n t  o c t a n t s ,  
and  _41, t h e r e f o r e ,  woul d  be e x p e c t e d  t o  g i v e  a somewhat  
l a r g e r  ( - ) - C o t t o n  e f f e c t  n e a r  280 nm.
HnC —
F i g ,  2 9 .  P r o j e c t i o n  o f  41.
The compound e x h i b i t s  an o r d  t r o u g h  a t  290  nm and
a p e a k  a t  268 nm a s  b o t h  t h e  f r e e  b a s e  and  t h e  h y d r o c h l o r i d e  
45s a l t ,  w i t h  a m p l i t u d e s  r e p o r t e d  a s  - 5 6 6  and  - 6 4 4  r e s p e c t i v e l y .  
Th e s e  v a l u e s  a r e  e x t r e m e l y  l a r g e ,  b u t ,  s i n c e  t h e y  a r e  t a k e n  
f rom t h e  same p a p e r  i n  wh i c h  ^ a  and  7_b wer e  r e p o r t e d ,  i t  i s  
p r o b a b l e  t h a t  t h e  r e a l  v a l u e s  a r e  - 5 6 , 6  and - 6 4 . 4 ,  The s e  
a r e  i n d e e d  l a r g e r  t h a n  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  7d a s  
t h e  f r e e  b a s e  ( A= - 4 4 )  and  i n  a c i d i c  m e t h a n o l  ( A = - 5 2 ) ,  i n d i ­
c a t i n g  t h a t  t h e  e t h y l  g r o u p s  o f  7d  a r e  a b l e  t o  go i n t o  o c t a n t s
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o f  o p p o s i t e  s i q n .
Compound 42^  c o n t a i n s  a k e t o - f u n c t i a n  whi c h  i s  p r o ­
j e c t e d  i n t o  t h e  l o w e r  r i q h t  f a r  o c t a n t  ( F i q .  3 0 ) ,  T h i s  s h o u l d  
make a s i q n i f i c a n t  c o n t r i b u t i o n  t o  t h e  a m p l i t u d e  o f  t h e
F?2 u^—  Alq C o t t o n  e f f e c t .  The e n a n t i o m e r i c  ( + ) - i s o m e r  e x h i -
4 8b i t s  a p o s i t i v e  C o t t o n  e f f e c t  i n  d i o x a n e  (A=+95)  whi ch i s  
c o n s i d e r a b l y  l a r g e r  t h a n  t h o s e  o f  compounds  7^ d and  4 1 .
42
F i q ,  3 0 ,  P r o j e c t i o n  o f  42
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The d e o x y - c o mp o u n d s  43 and  44^  p r o v i d e  f u r t h e r  i n d i c a ­
t i o n  t h a t  t h e  c o n f i q u r a t i o n  a t  Cg i s  r e l a t i v e l y  u n i m p o r t a n t  
t o  t h e  a m p l i t u d e  o f  t h e  C o t t o n  e f f e c t .  Compound <43 h a s  t h e  
9 o - c o n f  i g u r a t i o n  , and 4_4 h a s  9 p - c o n f i g u r a t i o n ,
43 44
The p r o j e c t i o n s  of  t h e  tuio compounds  a l o n g  t h e  midway 
a x i s  ( F i q ,  3 1 )  i n d i c a t e  t h a t  t h e r e  s h o u l d  be v a n i s h i n g l y  s m a l l  
d i f f e r e n c e s  i n  t h e  C o t t o n  e f f e c t s  g i v e n  by t h e  two c o mp o u n d s ,  
and  i n  f a c t  t h e  o r d  s p e c t r a  a r e  n e a r l y  s u p e r i m p o s a b l e s  
c o m p o u n d  ,43 e x h i b i t s  a C o t t o n  e f f e c t  ( m e t h a n o l )  n e a r  275
nm ( f l =-2B)  a nd  4j4 e x h i b i t s  a C o t t o n  e f f e c t  i n  m e t h a n o l  a t  
t h e  same wave l e n q t h  ( A = - 2 8 ) .  I t  i s  o f  i n t e r e s t  t h a t  t h e  
l a c k  o f  t h e  oxyge n  s u b s t i t u e n t  on t h e  p h e n y l  makes  l i t t l e  
d i f f e r e n c e  i n  t h e  s h a p e  o f  t h e  o r d  s p e c t r u m .  T h e r e  i s  a s h i f t  
t o  l o w e r  wave l e n g t h  a nd  a d e c r e a s e  i n  t h e  a m p l i t u d e .  T h i s  
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F i q ,  3 1 ,  P r o j e c t i o n  o f  _43 (ft)  and  4_4 (B)  Al ong  t h e  Midway Axi s
E x t e n s i o n  o f  t h e  S e c t o r  Ru l e  t o  t h e  Mo r p h i n e  A l k a l o i d s
S i n c e  t h e  s e c t o r  r u l e  i n v o l v e s  n e i t h e r  t h e  a x i s  o f  
h i q h e s t  l o c a l  s ymmet r y  ( C a s e  I I )  n o r  t h e  a x i s  o f  p o l a r i z a -  
b i l i t y  ( Ca s e  I ) ,  i t  uias f e l t  t h a t  t h e  " r u l e "  m i q h t  be a p p l i ­
c a b l e  t o  t h e  m o r p h i n e s .  The m o r p h i n e s  d i f f e r  f rom t h e  mo r -  
p h i n a n s  o n l y  by t h e  p r e s e n c e  o f  an e t h e r  b r i d g e  a t t a c h e d  t o  
t h e  a r o m a t i c  r i n g  a t  t h e  l ’ - p o s i t i o n .  E x a m i n a t i o n  o f  D r e i d i n g  
m o d e l s  i n d i c a t e s  t h a t  t h e  s y s t e m  i s  no l o n g e r  s t r a i n - f r e e ;  
c o n s i d e r a b l e  t o r s i o n  i s  p l a c e d  on t h e  a r o m a t i c  r i n g .  The 
e f f e c t  o f  t h i s  on t h e  o r d  a nd  cd  s p e c t r a  i s  unknown,  b u t  i t  




The m o r p h i n e  d e r i v a t i v e  _45 g i v e s  t h e  f o l l o w i n g  p r o ­
j e c t i o n !
F i g .  3 2 .  P r o j e c t i o n  o f  45
The b r i d g e h e a d  c a r b o n  a t om a t  p o s i t i o n  one  h a s  been
b r o u q h t  douin s l i g h t l y  i n t o  t h e  l o we r  l e f t  q u a d r a n t ,  a n d  t h e
p i p e r i d i n e  r i n g  h a s  b e e n  skewed t o  t h e  r i g h t  so t h a t  t h e
n i t r o a e n  l i e s  n e a r l y  on a n o d a l  p l a n e .  The h y d r o a r o m a t i c
r i n g  i s  p r o j e c t e d  c o m p l e t e l y  i n t o  t h e  l o w e r  r i g h t  q u a d r a n t .
The s u b s t a n c e  woul d  be p r e d i c t e d  t o  e x h i b i t  a n e g a t i v e  C o t t o n
e f f e c t  n e a r  280 nm, b u t  t h e  a m p l i t u d e  i s  d i f f i c u l t  t o  p r e d i c t
b e c a u s e  o f  r i n g  s t r a i n  a n d  t h e  p r e s e n c e  o f  t h e  a d d i t i o n a l
49phe n o x y  g r o u p .  An a m p l i t u d e  o f  -B5 i s  r e p o r t e d ,  T h i s  i s  
s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  a m p l i t u d e  o f  4_1 and  n e a r l y  
t w i c e  a s  l a r g e  a s  t h a t  o f  7_d, whi ch  i t  c l o s e l y  r e s e m b l e s .
The p r o j e c t i o n  o f  d i h y d r o c o d e i n e  ( j46)» wh i ch  d i f f e r s
BD
f rom 4_5 by t h e  i n t r o d u c t i o n  of  an a l c o h o l  f u n c t i o n ,  i s  shown 




F i q ,  3 3 ,  P r o j e c t i o n  o f  D i h y d r o c o d e i n e  ( 4 6 )
The h y d r o x y l  g r o u p  e x t e n d s  u n d e r  t h e  p h e n y l  r i n g  a nd  
s h o u l d  h a v e  a s i g n i f i c a n t  e f f e c t  on t h e  C o t t o n  e f f e c t .  The 
cd s p e c t r u m  e x h i b i t s  a s t r o n g  C o t t o n  e f f e c t  a t  280 nm w i t h  
[®~Lax “ 1 0 5 5 0 ° . ^  S i n c e  t h e  a m p l i t u d e  o f  an o r d  C o t t o n  
e f f e c t  c a n  be r e l a t e d  t h e o r e t i c a l l y  t o  t h e  i n t e n s i t y  o f  t h e
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cd band  by t h e  e x p r e s s i o n  A=0 , 0122  ^ 6  woul d  g i v e
A = - 1 3 0 .  T h i s  i s  a s u b s t a n t i a l  i n c r e a s e  o v e r  t h e  a m p l i t u d e  
of  4 5 .
The me t hoxy  d e r i v a t i v e  o f  46 e x h i b i t s  an o r d  C o t t o n  
49
e f f e c t  o f  A=- 110 ,  a l a r g e  e n h a n c e m e n t  o v e r  t h e  v a l u e  o f  
4 5 , b u t  somewhat  l o w e r  t h a n  46 i t s e l f .
I n  c o d e i n e  (2_) a d o u b l e  b o n d ,  wh i c h  woul d be e x p e c t e d  
t o  make an i m p o r t a n t  c o n t r i b u t i o n ,  i s  p r e s e n t .
OH
F i q .  34 .  P r o j e c t i o n  o f  C o d e i n e  ( £ )
The s k e w i n g  i s  e v e n  more  p r o n o u n c e d ,  and t h e  c a r b o n  
whi ch  c o r r e s p o n d s  t o  t h e  1 - p o s i t i o n  i n  t h e  b e n z o m o r p h a n s  may 
be i m p o r t a n t  s i n c e  i t  l i e s  w e l l  i n t o  t h e  l o w e r  l e f t  q u a d r a n t .  
The h y d r o x y l  g r o u p  i s  no l o n g e r  d i r e c t l y  u n d e r  t h e  a r o m a t i c  
r i n g ,  a nd  i t s  c o n t r i b u t i o n  may be d i m i n i s h e d .  The p r o j e c t i o n  
i s ,  t h e r e f o r e ,  somewhat  more  d i f f i c u l t  t o  e v a l u a t e ,  a l t h o u g h
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t h e r e  c a n  be no d o u b t  t h a t  a n e q a t i v e  C o t t o n  e f f e c t  i s  p r e ­
d i c t e d ,  I n  f a c t ,  c o d e i n e  e x h i b i t s  a ( - ) - C o t t o n  e f f e c t  a t  
282 nm ( Ce ^max - 8 6 0 0 ° ) , ^  i n d i c a t i n g  t h a t  t h e  r i n g  s t r a i n  whi ch  
i s  i n c r e a s e d  b e c a u s e  o f  t h e  u n s a t u r a t i o n  p r o d u c e s  e f f e c t s  t h a t  
may c o u n t e r  t h e  e f f e c t  o f  t h e  d o u b l e  b o n d ,
Mo r p h i n e  (l_) i s  s t r u c t u r a l l y  s i m i l a r ,  e x c e p t  t h a t  t h e  
me t hoxy  q r o u p  i s  h y d r o x y l .  L i t t l e  c h a n g e  i n  t h e  C o t t o n  e f f e c t
would be e x p e c t e d .  The cd shows  ^^"^293 " ^ CI O 0  a c i d i c  me t h  — 
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a n o l ,  A s u b s t a n t i a l  r e d  s h i f t  i s ,  h o w e v e r ,  o b s e r v e d .
H e r o i n ,  t h e  d i a c e t a t e  o f  (_1),  q i v e s  a ( - ) - C o t t o n  e f ­
f e c t  a t  285 nm, a s  woul d  be e x p e c t e d ,  b u t  o f  g r e a t l y  r e d u c e d  
i n t e n s i t y ,  [ S ^ e S  “ 1 3 1 0 ° . 54 T h i s  h a s  be en  a t t r i b u t e d  t o  t h e
" e l e c t r o n  w i t h d r a w i n g  p r o p e r t i e s "  o f  t h e  " a c e t y l  g r o u p  on t h e  
55b e n z e n e  r i n q , "  I n  f a c t  t h e  0 - a c e t y l  q r o u p  i s  e l e c t r o n  d o -  
n a t i n q ,  a l t h o u g h  t o  a l e s s e r  e x t e n t  t h a n  me t h o x y  and  c e r t a i n l y  
t h a n  h y d r o x y l .  I t  woul d  seem more  l i k e l y  t h a t  t h e  c o n t r i ­
b u t i o n  o f  C - a c e t y l  i n  t h e  l o w e r  r i g h t  q u a d r a n t  i s  n o t  t h e  same 
a s  h y d r o x y l  o r  m e t h o x y l .
T h e b a i n e  ( 3 )  c o n t a i n s  a h o m o c o n j u q a t e d  b u t a d i e n e  
s y s t e m whi ch  c o u l d  be e x p e c t e o  t o  d r a m a t i c a l l y  c h a n g e  t h e  
C o t t o n  e f f e c t .  The r i n g  s t r a i n  i s  v e r y  l a r g e ,  a nd  t h e  p h e n y l  
r i n g  mu s t  d i s t o r t  f rom p l a n a r i t y  t o  a c c o mmo d a t e  t h i s .  The 
n i t r o g e n  i s  b r o u g h t  much n e a r e r  t h e  h o r i z o n t a l  n o d a l  p l a n e .
The b u t a d i e n e  s y s t e m  d o m i n a t e s  t h e  p r o j e c t i o n  ( F i g ,  3 5 ) ,  b u t  
t h e  i n t e n s i t y  may be much I b s s  t h a n  e x p e c t e d  i f  t h e  r i n g  
g e o m e t r y  were  t h e  same a s  i n  t h e  b e n z o mo r p h a n  m o d e l ,  T h e b a i n e
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s t i l l  e x h i b i t s  t h e  l a r g e s t  C o t t o n  e f f e c t  o f  t h e  s e r i e s i
- 1 5 0 0 0 ° .  The d i e n e  C o t t o n  e f f e c t  o c c u r s  a t  somewhat  
l o w e r  wave l e n g t h . ^
OCH
F i q .  3 5 ,  T h e b a i n e  P r o j e c t i o n
E x t e n s i o n  o f  t h e  S e c t o r  Ru l e  t o  O t h e r  Ri ng  S y s t e m s
12Kur i yama  £ t  a_l.  h a v e  r e p o r t e d  t h e  cd  c u r v e s  o f  l y -
c o r i n e  ( 9 )  and a number  o f  r e l a t e d  c o mp o u n d s .  They h a v e  
p o s t u l a t e d  a s e c t o r  r u l e  i n  whi ch  one  i s  t o  v i e w d i r e c t l y  
down t h e  a x i s  t h a t  b i s e c t s  t h e  m e t h y l e n d i o x y  r i n g .  Th e s e  
compounds  e x h i b i t  "weak"  C o t t o n  e f f e c t s  i n  t h e  290 nm r e g i o n .
I f  t h e  s y s t e m  i s  a l i g n e d  so  t h a t  t h e  oxyge n  a t o ms  
a r e  p o s i t i o n e d  so  t h e y  l i e  d i r e c t l y  o v e r  t h o s e  o f  c o d e i n e ,
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t h e  s e c t o r  r u l e  r e p o r t e d  h e r e  a l s o  q i v e s  t h e  c o r r e c t  p r e d i c ­
t i o n  ( T i g ,  3 6 ) .
F i g .  3 6 ,  L y c o r i n e  P r o j e c t i o n
N e a r l y  t h e  e n t i r e  m o l e c u l e  l i e s  i n  a n e g a t i v e  o c t a n t ,  
b u t  l y c o r i n e  i s  n e a r l y  p l a n a r  and  woul d n o t  be e x p e c t e d  t o
12
g i v e  a l a r g e  C o t t o n  e f f e c t .  T h i s  i s  t h e  c a s e i  t-®~^293 “ 6720 .
T h i s  may be f o r t u  1 t o n s  1 o t h e r  s y s t e m s  a l s o  seem t o  
g i v e  c o r r e l a t i o n  t o  t h e  m o d e l .  The c h o i c e  o f  a r e f e r e n c e  
a x i s ,  h o w e v e r ,  a p p e a r s  t o  be a r b i t r a r y  a nd  g e n e r a l  c o n c l u s i o n s  
a r e  u n w a r r a n t e d  a t  t h i s  p o i n t .
The s e c t o r  r u l e  a s  p o s t u l a t e d  i s  c o n s i s t e n t  w i t h  t h e  
6 , 7 - b e n z o m o r p h a n s  ( 7 ) ,  t h e  m o r p h i n a n s  ( 6 ) ,  a n d  t h e  m o r p h i n e  
a l k a l o i d s  e x a m i n e d .
R e e x a m i n a t i o n  o f  t h e  6 , 7 - B e n z o m o r p h a n s  ( 7 )  and  A p p l i c a t i o n  
o f  t h e  S e c t o r  Ru l e
I n i t i a l l y  t h e  a s s u m p t i o n  was made t h a t  t h e  c ompounds  
7 a - 7 h  e x h i b i t  C o t t o n  e f f e c t s  n e a r  280 nm wh i c h  a r e  n e a r l y  
u n a f f e c t e d  by t h e  v a r i o u s  s u b s t i t u e n t s  p r e s e n t .  T h i s  i s  t r u e
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when t h e  i n t e n s i t i e s  a r e  c o mp a r e d  t o  v a l u e s  g i v e n  by t h e  
mo r p h i n a n  a nd  m o r p h i n e  s e r i e s .  But  t h e  i n t e n s i t i e s  o f  t h e  
C o t t o n  e f f e c t s  a r e  n o t  i d e n t i c a l  f o r  d e r i v a t i v e s  o f  7^ » a n d 
p e r h a p s  t h e s e  d i f f e r e n c e s  c a n  now be i n t e r p r e t e d  w i t h  some 
dBqr ee  o f  s o p h i s t i c a t i o n .
C o t t o n  e f f e c t  t h a n  does  t h e  s t r u c t u r a l l y  s i m i l a r  7 d ,  I t  h a s  
been  s t a t e d  t h a t  t h i s  may be due t o  t h e  f a c t  t h a t  t h e  5 , 9 -  
d i e t h y l  s u b s t i t u e n t s  a r e  f r e e  t o  p a s s  t h r o u g h  n o d a l  p l a n e s ,  
g i v i n g  p a r t l y  p o s i t i v e  c o n t r i b u t i o n s  t o  t h e  t r a n s i t i o n  a n d  
t h e r e b y  d i m i n i s h i n g  t h e  a m p l i t u d e .  I t  wou l d  f o l l o w  t h a t  
5 , 9 - d i m e t h y l  s u b s t i t u e n t s  s h o u l d  g i v e  l a r g e r  C o t t o n  e f f e c t s  
t h a n  t h e  5 , 9 - d i e t h y l  c o mp o u n d s .  The c r - me t hy l  s h o u l d  make a 
l a r g e r  c o n t r i b u t i o n  t h a n  t h e  8 - m e t h y l  i s o m e r  s i n c e  i t  i s  n e a r e r  
t h e  a r o m a t i c  r i n g ,
7a and  7 £ ,  b o t h  b e a r i n g  9 a - m e t h y l  s u b s t i t u e n t s ,  q i v e  t h e  
s t r o n q e s t  C o t t o n  e f f e c t s  o f  t h e  s e r i e s  w i t h  e l 1 i p t i c i t i e s  
o f  n e a r l y  5 0 0 0 ° .  Compound 7_b* w i t h  9 8 - c o n f i g u r a t i o n  g i v e s  
a s u b s t a n t i a l l y  we a k e r  C o t t o n  e f f e c t  (£b"1 3 7 0 0 ° ) ,
t h e  i s o m e r i c  5 , 9 - d i e t h y l  compounds  7_d and  _7e a r e  i d e n t i c a l
i n  t h e  f r e e  b a s e s  ( [ 0 1  3 9 0 0 ° ) ,  Howe ve r ,  7d e x h i b i t s  a l -max —
most  no c h a n g e  i n  i n t e n s i t y  upon c o n v e r s i o n  t o  t h e  h y d r o ­
c h l o r i d e  w h i l e  t h e  i n t e n s i t y  o f  7je i n c r e a s e s  by 8 0 0 ° ,  n e a r l y  
t h e  l a r g e s t  c h a n q e  i n  t h e  s e r i e s .  The 8 - e t h y l  g r o u p  c a n  come 
v e r y  n e a r  t h e  n i t r o g e n  s u b s t i t u e n t  i f  i t  a l s o  i s  p .  T h i s
L e v o r p h a n o l  (.41) e x h i b i t s  a s t r o n g e r
The o b s e r v e d  d a t a  g i v e  e x c e l l e n t  s u p p o r t  t o  t h i s i
max
The i n t e n s i t i e s C o t t o n  e f f e c t s  o f
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may e x p l a i n  t h e  i n c r e a s e  i n  a m p l i t u d e  shown by 7j; a s  t h e  h y d r o -  
c h l o r i d e t  t h e  n i t r o p e n  c o n f i q u r a t i o n  mi q h t  be  d i f f e r e n t  h e r e  
t h a n  i n  t h e  o t h e r  c ompounds  i n  t h e  s e r i e s .
qen o r  i t s  s u b s t i t u e n t s ,  b u t  i t  i s  s m a l l .  The  s e c o n d a r y  ami ne  
7h g i v e s  n e a r l y  i d e n t i c a l  a m p l i t u d e s  a s  b o t h  t h e  f r e e  b a s e  
and  t h e  h y d r o c h l o r i d e .  Wi t h  t h e  e x c e p t i o n  o f  7_d* t h e  c ompounds  
q i v e  s m a l l  c h a n g e s  whi ch  c a n n o t  be i n t e r p r e t e d .  The 3 - p h e n -  
e t h y l  c o mp o u n d s ,  7 f  and  7j£, q i v e  d i f f e r e n c e s  o f  i n t e n s i t y  
b e t we e n  t h e  h y d r o b r o m i d e s  and f r e e  b a s e s  o f  t h e  same m a g n i t u d e  
a s  o t h e r  d e r i v a t i v e s .
A p p l i c a t i o n  o f  t h e  S e c t o r  Rul e  t o  3 » Me t h y 1 - 6 , 7 - b e n z o - 3 - a z a -  
b i c y c l o [ 3 , 3 . l l n o n e n - 9 - o n e  ( 3 1 )
The p r o j e c t i o n  o f  ( - ) - 3 1  a l o n g  t h e  mi dway a x i s  i s  
shown i n  F i g ,  3 7 ,
T h e r e  p r o b a b l y  i s  c o n t r i b u t i o n  f rom e i t h e r  t h e  n i t r o -
* / / / / / /
+
+
F i q ,  3 7 ,  P r o j e c t i o n  o f  ( - ) - 3 1
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The o n l y  o b v i o u s  p e r t u r b a t i o n  a r i s e s  f rom t h e  c a r ­
b o n y l  q r o u p ,  A ( - ) - C o t t o n  e f f e c t  i/uould be p r e d i c t e d  f o r  t h e
E?2 u(-----  Aj^ t r a n s i t i o n ,  b u t  t h e  i s o m e r  shown q i v e s  a ( + ) - C o t t o n
e f f e c t  n e a r  275 nm. P e r h a p s  t h e  d i s s y m m e t r y  o f  t h e  s y s t e m  
i s  sd s m a l l  t h a t  o t h e r  f a c t o r s  s u c h  a s  h o m o c o n j u g a t i o n  g a i n  
i n  r e l a t i v e  i m p o r t a n c e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  we r e  
t h e  c a r b o n y l  g r o u p  r e mo v e d ,  i t  m i g h t  be p r e d i c t e d  t h a t  no 
02u^— “ ^ l q  C o t t o n  e f f e c t  woul d  be o b s e r v e d .  I n  a c i d i c  m e t h ­
a n o l  s o l u t i o n ,  wher e  k e t a l  a n d / o r  h e m i k e t a l  f o r m a t i o n  i s  
i m p o r t a n t ,  t h e  a m p l i t u d e  o f  t h i s  C o t t o n  e f f e c t  n e a r l y  v a n i s h e s *
r  0 l  - 1 0 0 ° .max
S e c t o r  Ru l e  f o r  T r a n s i t i o n  o f  7_
I n  t h e  e x a m i n a t i o n  o f  t h e  t h r e e  p o s s i b l e  ways o f  
v i e w i n g  t h e  a r o m a t i c  r i n g ,  i t  a p p e a r e d  t h a t  Ca s e  I I  ( F i g ,  2 7 )  
wou l d  d e s c r i b e  t h e  C o t t o n  e f f e c t  a t  230 nm a r i s i n g  f rom t h e  
A^q t r a n s i t i o n .  The r e a r  q u a d r a n t s  wou l d  be s i g n e d  
a s  f o l l o w s *
+
T h e r e  i s ,  a s  b e f o r e ,  no way o f  knowi ng  w h e t h e r  an 
o c t a n t  r u l e  i s  a p p l i c a b l e  h e r e ,  b u t  t h e  me t h o d  h a s  some j u s ­
t i f i c a t i o n ,  The ami no g r o u p  o f  a ( - ) - 6 , 7 - b e n z o m o r p h a n  l i e s  
w e l l  i n t o  a ( + ) - o c t a n t ,  a n d  p r o t o n a t i o n  o f  t h e  b a s e  ( f o r m i n g  
an ammonium i o n )  s h o u l d  make a m a j o r  c h a n g e .  The 9 o - c o n f i -  
g u r a t i o n  s h o u l d  make a l a r g e r  c o n t r i b u t i o n  t h a n  t h a t  o f  9 8 ,
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C o r r e l a t i o n  d i d  n o t  a p p e a r  a s  qood a s  ui i t h  t h e  s e c t o r  
r u l e  f o r  t h e  280 nm b a n d ,  A c o m p l i c a t i o n  i n  a t t e m p t i n g  t o  
d e s c r i b e  t h e  225 nm ba n d  i s  t h a t  i t  i s  n o t  i s o l a t e d  f rom
n e i g h b o r i n g  t r a n s i t i o n s .  The i n t e n s e  -----  A ^  t r a n s i t i o n
o v e r l a p s  a nd  t h i s  c a n  be e x p e c t e d  t o  c a u s e  s i g n i f i c a n t  d i s ­
t o r t i o n  ,
S i n c e  t h i s  s e c t o r  r u l e  h a s  been  p o s t u l a t e d  b e f o r e
12 .f o r  t h e  m o r p h i n e  a n d  A m a r y l l i d a c a e  a l k a l o i d s ,  i t  w i l l  n o t  
be d i s c u s s e d  f u r t h e r .
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EXPERIMENTAL
G e n e r a l
M e l t i n g  P o i n t s , M e l t i n q  p o i n t s  tuere d e t e r m i n e d  w i t h  
a Hoover  c a p i l l a r y  m e l t i n g  p o i n t  a p p a r a t u s  a nd  a r e  c o r r e c t e d .
A n a l y t i c a l  D a t a , M i c r o a n a l y s e s  mere d e t e r m i n e d  on 
an F a n d  M Model  180 c a r b o n ,  h y d r o g e n ,  and  n i t r o g e n  a n a l y z e r ,  
and  by S c h w a r z k o p f  M i c r o a n a l y t i c a l  L a b o r a t o r y ,  WDods i de ,  New 
Y o r k ,
I n f r a r e d  A b s o r p t i o n  S p e c t r a . The i n f r a r e d  a b s o r o -  
t i o n  s p e c t r a  we r e  d e t e r m i n e d  u s i n g  Mode l s  137 and  337 P e r k i n -  
El mer  i n f r a c o r d  s p e c t r o p h o t o m e t e r s .  The p o s i t i o n s  o f  t h e  
a b s o r p t i o n  b a nds  a r e  g i v e n  i n  wave number  u n i t s ,  cm~^.
T h e . s p e c t r a  o f  s o l i d s  wer e  d e t e r m i n e d  e i t h e r  a s  m u l l s  i n  
h a l a c a r b o n  o i l  f rom 4000 t o  1300 c m' ^  and i n  N u j o l  f rom 
1300 t o  650 cm“  ^ o r  a s  s o l u t i o n s  i n  c h l o r o f o r m  i n  m a t c h e d  
sod i um c h l o r i d e  s o l u t i o n  c e l l s  o f  0 , 1  mm p a t h l e n g t h .  The 
s p e c t r a  o f  l i q u i d s  were  d e t e r m i n e d  a s  f i l m s .
E l e c t r o n i c  A b s o r p t i o n  S p e c t r a . E l e c t r o n i c  a b s o r p ­
t i o n  s p e c t r a  we r e  d e t e r m i n e d  on a C a r y  Model  15 r e c o r d i n g  
s p e c t r o p h o t o m e t e r .  The p o s i t i o n s  o f  a b s o r p t i o n  b a n d s  a r e  
g i v e n  i n  n a n o m e t e r s ,  nm, The s o l v e n t  and  c o n c e n t r a t i o n  
( m o l / l ,  s o l v e n t )  a r e  i n d i c a t e d  f o r  e a c h  m e a s u r e m e n t .
P r o t o n  M a g n e t i c  Re s o n a n c e  S p e c t r a . The p r o t o n  mag­
n e t i c  r e s o n a n c e  s p e c t r a  we r e  d e t e r m i n e d  w i t h  a V a r i a n  Model  
A — 6 D p r o t o n  r e s o n a n c e  s p e c t r o m e t e r .  U n l e s s  o t h e r w i s e
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i n d i c a t e d ,  t h e  s p e c t r a  we r e  o b t a i n e d  i n  d e u t e r a t e d  c h l o r o ­
form!  t h e  c h e m i c a l  s h i f t s  a r e  g i v e n  i n  ppm r e l a t i v e  t o  
t e t r a m e t h y l s i l a n e ,  an i n t e r n a l  s t a n d a r d .
O p t i c a l  R o t a t i o n  Q a t a , O p t i c a l  r o t a t i o n s  wer e  d e ­
t e r m i n e d  on a C a r l  Z e i s s  P h o t o e l e c t r i c  P r e c i s i o n  P o l a r i m e t e r  
u s i n q  a m e r c u r y  v a p o r  l amp as  a l i g h t  s o u r c e .  The s p e c i f i c  
r o t a t i o n s ,  [ a l  ( g / 1 0 0  ml ,  s o l v e n t ) ,  a r e  q i v e n  f o r  e a c h  
m e a s u r e m e n t ,
O p t i c a l  R o t a t o r y  D i s p e r s i o n  S p e c t r a . O p t i c a l  r o t a ­
t o r y  d i s p e r s i o n  c u r v e s  we r e  d e t e r m i n e d  on e i t h e r  a Ca r y  
Model  60 R e c o r d i n q  S p e c t r o p o l a r i m e t e r  o r  a Rud o l p h  R e c o r d ­
i n g  S p e c t r o p o l a r i m e t e r  Model  2 6 0 / 6 5 5 / 0 5 0 / 6 1 0 - 6 1 4  i n  0 , 1  dm 
s a mp l e  c e l l s .  The s o l v e n t  and i n i t i a l  c o n c e n t r a t i o n  ( m o l / 1 0 0  
ml ,  s o l v e n t )  a r e  i n d i c a t e d  f o r  e a c h  c u r v e j  d a t a  a r e  q i v e n  
a s  m o l e c u l a r  r o t a t i o n s ,  [ f O .
C i r c u l a r  D i c h r o i s m  S p e c t r a . C i r c u l a r  d i c h r o i s m  
S D e c t r a  wer e  o b t a i n e d  on a Ca r y  Model  6001 C i r c u l a r  Di -  
c h r o i s m  a c c e s s o r y  f o r  t h e  Car y  Model  60 R e c o r d i n q  S p e c t r o -  
p o l a r i m e t e r .  The s p e c t r a  wer e  d e t e r m i n e d  i n  a 1 . 0  cm c e l l  
and t h e  i n i t i a l  c o n c e n t r a t i o n  and  s o l v e n t  ( o / c c ,  s o l v e n t )  
a r e  i n d i c a t e d  f o r  each  s p e c t r u m .  D a t a  a r e  g i v e n  a s  t h e  
m o l e c u l a r  e l l i p t i c i t i e s ,
The A l d o l  C o n d e n s a t i o n  o f  1 - M e t h y l - A - p i p e r i d o n e  and  B e n z a l -  
de hyde
l - I T I e t h y l - 3 - b e n z a l - 4 - p i p e r i d o n e  ( 1 5 ) ,  T d a  s o l u t i o n  
o f  f r e s h l y  d i s t i l l e d  l - m e t h y l - 4 - p i p e r i  done  ( 2 6 1 . 2  g,  2 , 3  mol )  
i n  1 , 5  1 o f  60$ e t h a n o l  was  a d d e d  b e n z a l d e h y d e  ( 2 5 0 , 2  g .
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2 . 3 5  mo l )  a nd  p o t a s s i u m  h y d r o x i d e  ( 9 2  q f 1 . 6  m o l ) .  The 
m i x t u r e  uias s t i r r e d  w i t h  t h e  a i d  o f  a m a q n e t i c  s t i r r e r  t o  
f a c i l i t a t e  d i s s o l u t i o n  of  t h e  b a s e .  The s o l u t i o n  t u r n e d  
a r a n q e  i m m e d i a t e l y ,  a nd  a r e d  o i l  be qa n  t o  c o l l e c t  on t h e  
s u r f a c e s  o f  t h e  r e a c t i o n  v e s s e l .  A f t e r  a b o u t  f i v e  m i n u t e s ,  
t h i s  s p o n t a n e o u s l y  r e d i s s o l v e d  a n d  d i d  n o t  r e a p p e a r .  S t i r ­
r i n g  was c o n t i n u e d  a n d  t h e  uuarm s o l u t i o n  was a l l o w e d  t o  c o o l  
f o r  1 , 5  h r .  At t h i s  t i me  a s e e d  c r y s t a l ,  o b t a i n e d  f rom an 
e a r l i e r  r e a c t i o n ,  was a d d e d  t o  t h e  s o l u t i o n  and t h e  m i x t u r e  
s t i r r e d  a t  room t e m p e r a t u r e .
A f t e r  8 h r  t h e  r e a c t i o n  v e s s e l  c o n t a i n e d  a l a r g e  
amount  o f  s o l i d .  T h i s  was c o l l e c t e d  by s u c t i o n  f i l t r a t i o n  
a nd  t h e  m o t h e r  l i q u o r  s e t  a s i d e .  The c r u d e  p r o d u c t  was d r i e d  
t o  c o n s t a n t  w e i q h t ,  q i v i n q  a p a l e  y e l l o w  s o l i d ,  1 7 3 , 9  q ( 0 , 8 6  
mo l ,  3 7 , 5 D-<); mp 2 0 6 °  s i n t e r i n q ,  2 1 4 - 2 1 9 °  d e c .
The deep r e d  m o t h e r  l i q u o r  was h e a t e d  b r i e f l y  t o  
r e f l u x  t e m p e r a t u r e  a n d  more s o l i d  b e g a n  t o  p r e c i p i t a t e  f rom 
s o l u t i o n .  The m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  one  day ,  
and  t h e  s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  wa s h e d ,  and  d r i e d .  
T h i s  p a l e  y e l l o w  s o l i d ,  1 0 2 , 4  q ( 0 , 5 1  m o l ,  22%) f g a v e  mp 1 9 6 -  
2 1 2 ° d e c .
I n  a s i m i l a r  ma n n e r ,  two a d d i t i o n a l  c r o p s  o f  p r o d u c t  
wer e  o b t a i n e d !  C r o p  I I I *  4 5 , 1  g ( 0 , 2 2  mo l ,  9 , 7 ^ ) ;  mp 198-  
2 1 5 °  d e c j  Cr o p  IVt  2 7 , 0  q ( 0 . 13*  mol ,  5 , 8$)*,  mp 2 2 2 - 2 2 4 °  d e c .  
The m o t h e r  l i q u o r  was  t r e a t e d  w i t h  w a t e r  t o  o b t a i n  15b ( v i d e  
i n f r a ) .
C r o p s  I a nd  I I  were c o m b i n e d ,  d i s s o l v e d  i n  e t h a n o l
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( 5 . 5  l ) ,  and  t h e  y e l l o w  s o l u t i o n  f i l t e r e d .  To t h i s  was a d d e d  
b e n z e n e  ( 1 , 0  l ) ,  a nd  t h e  vo l ume  r e d u c e d  by h e a t i n g ,  A l t h o u g h  
s o l i d  b e q a n  t o  a p p e a r  when t h e  vo l ume  r e a c h e d  a b o u t  A 1 , t h e  
vo l ume  was r e d u c e d  t o  2 1 b e f o r e  c o o l i n g  was a l l o w e d .  A f t e r  
s t a n d i n q  f o r  8 h r ,  t h e  s o l i d  was c o l l e c t e d  by s u c t i o n  f i l t r a ­
t i o n ,  was hed  w i t h  c o p i o u s  a mo u n t s  o f  a l c o h o l ,  and d r i e d .
T h i s  gave  a n e a r l y  w h i t e  c r y s t a l l i n e  s o l i d ,  1 5 a , 189 gj  mp 
225 , 5 - 2 2 6 , 0 °  d e c ,  l i t , 1 5  mp 2 2 4 - 2 2 6 ° ,
The v o l ume  o f  t h e  m o t h e r  l i q u o r  was r e d u c e d  t o  700  ml 
and  a s e c o n d  c r o p ,  3 8 , 4  a ,  was o b t a i n e d  whi ch  e x h i b i t e d  an 
i d e n t i c a l  m e l t i n g  p o i n t ,  ( A f t e r  p r o l o n g e d  s t a n d i n q  i n  a 
s e a l e d  c o n t a i n e r ,  t h i s  s u h s t a n c e  g i v e s  a v e r y  p l e a s a n t  o d o r  
when t h e  b o t t l e  i s  o p e n e d . )
A s a mp l e  p r e p a r e d  f o r  a n a l y s i s  by r e p e a t e d  r e c r y ­
s t a l l i z a t i o n  f rom a l c o h o l - b e n z e n e  g a v e  mp 2 2 4 - 2 2 6 °  d e c j  
uv ( c  7 . 9 8 x l 0 “ 5 , e t h a n o l )  [ n m ( € ) l  2 8 9 . 6  ( 1 3 0 0 0 ) ,  236 ( 4 3 7 0 ) ,  
228 ( 4 9 0 0 ) ,  ( F i g .  6 ) .
A n a l . C a l c d  f o r  C ^ H ^ N O i  C,  7 7 , 5 6 t  H, 7 , 5 3 j  N, 
6 . 9 6 .  Foundi  C,  7 7 . 5 9 j  H, 7 . 4 2 |  N, 7 . 0 9 .
I n f r a r e d  S p e c t r u m i  F i g ,  l j  Nmr» F i q ,  2 .
P i c r a t e . The p i c r a t e  was p r e p a r e d  i n  a l c o h o l .  The 
r e d  s t i c k y  m a s s ,  whi ch  i n i t i a l l y  f o r m e d ,  s o l i d i f i e d  upon  
h e a t i n g  t h e  s o l v e n t  t o  b o i l i n g .  The q l a s s y  s o l i d  t h u s  p r e ­
p a r e d  g a v e  mp 1 6 0 - 1 7 0 °  d e c .  The s o l i d  was d i g e s t e d  w i t h  
b o i l i n g  a l c o h o l  f o r  0 , 5  h r  and  y i e l d e d  a y e l l o w  s o l i d ,  mp
1 6 9 , 5 - 1 7 1 , 0 °  d e c .  A f t e r  an e x t r e m e l y  d i f f i c u l t  r e c r y s t a l l i ­
z a t i o n  f rom a l c o h o l - w a t e r , t h e  s u b s t a n c e  m e l t e d  a t  1 7 0 , 5 -
93
1 7 2 . 5 °  d e c .
f i n a l . C a l c d  f o r  ^ g ^ g N ^ Q g *  C,  5 3 . 0 2 }  H,  4 , 2 2 ,
Fo und i  C( 5 3 . 1 6 }  H, 4 . 2 6 ,
M o l e c u l a r  We i g h t  D e t e r m i n a t i o n . The m o l e c u l a r  w e i g h t
was d e t e r m i n e d  v i a  t h e  uv a b s o r p t i o n  o f  t h e  p i c r a t e  a n i o n ,
57a f t e r  t h e  me t h o d  o f  Cu n n i n q h a m,  Dawson,  and S p r i n g ,  C a l c d i  
2 0 1 ,  F o u n d i  lflO,  1 7 0 .
S e m i c a r b a z o n e ,  2 , 4 - D i n i t r o p h e n y l h y d r a z o n e . A t t e m p t s  
t o  p r e p a r e  t h e s e  d e r i v a t i v e s  we r e  u n s u c c e s s f u l .
Ox i me . The oxi me was p r e p a r e d  by d i s s o l v i n g  0 . 5  g 
o f  t h e  f r e e  b a s e  i n  a l c o h o l  c o n t a i n i n g  h y d r o x y l a m i n e * H C 1 a nd  
e x c e s s  NaOH, The s o l u t i o n  was h e a t e d  f o r  2 h r ,  a n d  t h e  ox i me  
was f o r c e d  f rom s o l u t i o n  by c a r e f u l  a d d i t i o n  o f  a c e t i c  a c i d .  
The s u b s t a n c e ,  0 , 2 5  g,  which was s o l u b l e  i n  d i l u t e  a c i d  and  
c o n c e n t r a t e d  b a s e ,  was c o l l e c t e d  by s u c t i o n  f i l t r a t i o n ,  
was hed  w i t h  w a t e r ,  a n d  d r i e d ,  g i v i n g  mp 1 2 8 - 1 3 4 ° .
The t a n  s o l i d ,  r e c r y s t a l l i z e d  t w i c e  f rom e t h a n o l -  
w a t e r ,  mp 1 3 0 - 1 3 4 ° ,  was p r o b a b l y  a m i x t u r e  o f  syn and  a n t i  
i s o m e r s .  I n f r a r e d  ( m u l l )  1590 cm” 1 ( C- N- GH) ,
f i n a l . C a l c d  f o r  C j ^ H ^ g ^ O i  C,  7 2 . 1 8 j  H, 7 , 4 7 j  
N, 1 2 . 9 5 ,  Found* C,  7 2 . 1 4 j  H,  7 , 3 8 }  N, 1 3 . 1 4 .
H y d r o c h l o r j d e . The h y d r o c h l o r i d e  was p r e p a r e d  i n  
t e t r a h y d r o f u r a n  y i e l d i n q  a d e l i q u e s c e n t  w h i t e  s o l i d  whi ch  
was p u r i f i e d  by r e p e a t e d  d i s s o l u t i o n  i n  e t h a n o l  f o l l o w e d  
by r a p i d  a d d i t i o n  o f  e t h e r .  D r y i n g  t h e  s t i c k y  s o l i d  a t  
1 2 0 °  o v e r n i g h t  ga ve  a p a l e  y e l l o w  s o l i d ,  mp 2 3 9 . 0 - 2 4 1 , 0 °  
dec}  l i t , 1 5  2 4 0 - 2 4 1 °  d e c .
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E n o l  A c e t a t e  19 .  A t y p i c a l  p r e p a r a t i o n  o f  t h e  e n o l  
a c e t a t e  i s  d e s c r i b e d .  To a s o l u t i o n  o f  a c e t i c  a n h y d r i d e  
( 35  ml ,  0 , 3 7  mol )  i n  p y r i d i n e  was a d d e d  15a ( 4 5 , 0  o,  0 , 2 2 4  
m o l ) .  The s o l u t i o n ,  whi c h  q r a d u a l l y  t u r n e d  r e d ,  was h e a t e d  
t o  r e f l u x  t e m p e r a t u r e  f o r  2 , 5  h r ,  a l l o w e d  t o  c o o l ,  and  p o u r e d  
i n t o  i c e  w a t e r  w i t h  s t i r r i n q .  D i l u t e  b a s e  was a d d e d  t o  b r i n g  
t h e  pH t o  8 - 1 0 ,  and  a n  o r a n g e  o i l  p r e c i p i t a t e d .  The l i q u i d  
was d e c a n t e d ,  and  c o l d  w a t e r  a d d e d  c a u s i n g  p a r t i a l  s o l i d i f i ­
c a t i o n ,  The s e m i s o l i d  was d i s s o l v e d  i n  THF, t h e  s o l u t i o n
t r e a t e d  w i t h  N o r i t e ,  d r i e d  (nigSO^) ,  a n d  f i l t e r e d .  The p a l e
o r a n g e  s o l u t i o n  was h e a t e d  t o  b o i l i n g  a nd  h o t  l i g r o i n  ( b p  90-  
1 1 5 ° )  a d d e d  u n t i l  p r e c i p i t a t i o n  commenced .  The  y e l l o w  s o l i d  
t h u s  o b t a i n e d  was c o l l e c t e d  by f i l t r a t i o n ,  wa s hed  w i t h  c o l d  
e t h e r  and  d r i e d ,  y i e l d i n g  2 3 , 0  g (40%)  o f  t h e  e n o l  a c e t a t e  
( 1_9) i mp 1 6 9 , 5 - 1 7 2  , 0 ° ,  A d d i t i o n a l  p r o d u c t ,  1 0 , 3  a (16?o)* 
was o b t a i n e d  upon c o n c e n t r a t i o n  o f  t h e  f i l t r a t e .
The f i r s t  c r o p ,  r e c r y s t a l l i z e d  t w i c e  f rom l i a r o i n ,  
and  d r i e d  a t  100°  a t  0 , 1  mm ga ve  mp 1 7 0 , 5 - 1 8 0 . 5 ° ;  uv 
( £  4 , 7 2 x 1 0 ” ^ ,  e t h a n o l )  fnm ( 6)1 2 8 6 , 4  ( 1 5 6 0 0 ) ,  235 sh ( 4 4 0 0 ) ,  
227 sh  ( 5 4 0 0 ) ;  i r ,  F i q ,  4;  nmr ,  F i g ,  5 ,
A n a l , C a l c d  f o r  C* 7 4 , 0 4 ;  H, 7 , 0 6 ,
Found ;  C,  7 4 . 1 1 ;  H, 7 . 2 4 .
H y d r o l y s i s  o f  En o l  A c e t a t e  1 9 . Enol  a c e t a t e  ( 1 9 )
( 1 . 2  g ,  0 , 0 1 2  mo l )  was d i s s o l v e d  i n  m e t h a n o l ,  and  1 0  g o f  
s o d i u m h y d r o x i d e  was a d d e d  t o  t h i s  s o l u t i o n .  A f t e r  s t a n d i n g  
a t  a m b i e n t  t e m p e r a t u r e  For  3 , 0  h r ,  t h e  s o l u t i o n  was p o u r e d  
i n t o  c o l d  w a t e r  and  t h e  w h i t e  s o l i d  whi ch  f o r me d  was c o l l e c t e d
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by f i l t r a t i o n ,  was he d  w i t h  w a t e r ,  and  d r i e d ,  y i e l d i n g  0 , 8 5  g 
( 8 6 ^ )  o f  15 a i mp 2 1 6 . 0 - 2 1 9 , 5 °  d e c ,  A m i x t u r e  m e l t i n g  p o i n t  
d e t e r m i n a t i o n  w i t h  an a u t h e n t i c  s a mp l e  o f  1 5a gave  mp 2 1 7 , 0 -  
2 2 3 , 0 °  d e c .  The i n f r a r e d  and  nmr s p e c t r a  wer e  i d e n t i c a l ,
l - f f i e t h y l - 3 - b e n z a l - 4 - p i p e r i  done  I s o m e r  b ( 1 5 b ) , A d d i ­
t i o n  o f  w a t e r  t o  t h e  r e a c t i o n  m i x t u r e  f rom whi ch  1 5a had  been 
i s o l a t e d  r e s u l t e d  i n  t h e  i m m e d i a t e  f o r m a t i o n  o f  i m p u r e  i s o ­
mer  t). The b r i g h t  y e l l o w  s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  
was hed  w i t h  e t h a n o l - w a t e r , a nd  d r i e d ,  g i v i n g  7 6 , 4  g ( 1 6 . 5 $ ) ;  
mp R1- 9 7  , 5 ° ,
Cr u d e  15b was d i s s o l v e d  i n  CHCl^ and  t h e  d a r k  brown 
s o l u t i o n  was was hed  w i t h  w a t e r ,  t r e a t e d  w i t h  N o r i t e ,  d r i e d  
(IYIqSO^), and  f i l t e r e d .  The r e s u l t i n g  r e d  s o l u t i o n  was e x ­
t r a c t e d  w i t h  3 p o r t i o n s  o f  d i l u t e  HC1,  The a q u e o u s  f r a c t i o n s  
were  c o m b i n e d ,  and  t h e s e  w e r e ,  i n  t u r n ,  e x t r a c t e d  w i t h  s m a l l  
a mo u n t s  of  CHCI3 u n t i l  no more c o l o r  p a s s e d  i n t o  t h e  o r g a n i c  
l a y e r .  The l i g h t  o r a n g e  a q u e o u s  s o l u t i o n  was e x t r a c t e d  once  
w i t h  1 0 0  ml e t h e r  and  t h e n  h e a t e d  t o  d r i v e  t h e  o r g a n i c  s o l ­
v e n t  f rom s o l u t i o n .  The s o l u t i o n  was c o o l e d  by a d d i t i o n  o f  
i c e  a n d  made b a s i c  w i t h  d i l u t e  K2 CQ3 . A y e l l o w  s o l i d  p r e c i ­
p i t a t e d  i m m e d i a t e l y .  T h i s  was c o l l e c t e d  by f i l t r a t i o n ,  was hed  
w i t h  w a t e r ,  and  t h e  c a k e  s u c k e d  a s  d r y  a s  p o s s i b l e ,  A s m a l l  
p o r t i o n ,  d r i e d  s e p a r a t e l y ,  m e l t e d  a t  1 1 3 . 0 - 1 2 1 , 0 °  d e c .
The r e m a i n d e r  o f  t h e  s u b s t a n c e  was d i s s o l v e d  i n  
e t h y l  a c e t a t e  a n d  t h e  w a t e r  l a y e r  d e c a n t e d .  Was h i ng  t h e  
o r g a n i c  l a y e r  w i t h  s a t u r a t e d  s od i um c h l o r i d e  c a u s e d  a y e l l o w  
s e m i s o l i d  t o  p r e c i p i t a t e  f rom s o l u t i o n .  T h i s  was c o l l e c t e d ,
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was hed  w i t h  e t h y l  a c e t a t e ,  and  d r i e d ,  g i v i n g  n e a r l y  c o l o r l e s s  
1 5 a , 2 . 0  qj  mp 2 1 9 . 0 - 2 2 5 , 0 °  d e c .
I s o m e r  _b was o b t a i n e d  on a d d i t i o n  o f  l i g r o i n  ( bp  9 0 -  
1 1 5 ° )  t o  t h e  h o t  e t h y l  a c e t a t e  s o l u t i o n ,  f o l l o w e d  by s l ow 
e v a p o r a t i o n .  S e v e r a l  c r o p s  o f  y e l l o w  c r y s t a l l i n e  m a t e r i a l  
were  o b t a i n e d  ( 7 3 , R g ) ,  t h e  p u r e s t  o f  whi ch  g a v e  mp 1 2 4 , 0 -  
1 2 6 , 5 ° .  T h i s  s a m p l e ,  a f t e r  r e c r y s t a l l i z a t i o n  f r om l i g r o i n  
( 9 0 - 1 1 5 ° ) ,  gave  no c h a n g e  i n  mp; uv ( c  3 . 0 3 x 1 0 " ^ ,  e t h a n o l )
[nm ( € ) 1  347 ( 3 6 6 ) ,  2 8 7 , 0  ( 7 7 5 0 ) ,  ( F i g .  6 ) ;  i r  ( m u l l )  4 000-  
3100 c l e a r  ( no  OH),  1720 ( C = 0 ) ,  7 6 5 ,  695 cm“ l  ( mo n o s u b ,  
p h e n y l ) ;  nmr ( CDCl ^)  2 . 1 7  s i n g l e t  (N-CH3 ) ,  7 . 2 3  b r o a d  s i n g ­
l e t  ( p h e n y l )  ppm.  The r e m a i n d e r  o f  t h e  p r o t o n s  a p p e a r e d  
a s  a s e r i e s  o f  b r o a d  u n r e s o l v e d  b a n d s  b e t we e n  1 . 8  and  4 , 0  
ppm.
A m i x t u r e  m e l t i n g  p o i n t  d e t e r m i n a t i o n  w i t h  15a g a v e  
p a r t i a l  m e l t i n g  n e a r  125°  w i t h  l o s s  o f  t h e  y e l l o w  c o l o r ,  
r e s o l i d i f i c a t i o n  a t  1 6 0 ° ,  a nd  c o m p l e t e  m e l t i n q  a t  2 0 0 - 2 1 4 °  
d e c .  T h i s  a p p e a r e d  t o  i n d i c a t e  t h a t  15b was i s o m e r i z i n g  t o  
15a upon h e a t i n g .
C o n v e r s i o n  o f  15b t o  1 5 a . I s o m e r  b ( 1 0 , 9  g)  was d i s ­
s o l v e d  i n  1 0 0  ml e t h e r  and t h e  y e l l o w  s o l u t i o n  h e a t e d  u n d e r  
r e f l u x  f o r  12 h r .  The s o l u t i o n  was c o o l e d  and t h e  w h i t e  
s o l i d  c o l l e c t e d  by f i l t r a t i o n ,  1 , 6  gi  mp 2 2 1 . 0 - 2 2 3 , 0 °  d e c .
A m i x t u r e  m e l t i n g  p o i n t  w i t h  15a g a v e  mp 2 2 2 . 0 - 2 2 5 , 0 °  d e c .
C o n v e r s i o n  o f  15a t o  15b v i a  U l t r a v i o l e t  I s o m e r i z a t i o n . 
A s a mp l e  o f  15a ( c a .  1 g)  was d i s s o l v e d  i n  CHCI3 and  t h e  s o l u ­
t i o n  i r r a d i a t e d  w i t h  a B l a c k - R a y  (UVL 2 2 )  f o r  2 h r  d u r i n g
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wh i c h  t i m e  t h e  s o l u t i o n  c h a n g e d  f rom a p a l e  y e l l o u i  t o  a b r i l ­
l i a n t  y e l l o w .  Removal  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  
ga ve  a b r i g h t  y e l l o w  s o l i d  whi c h  e x h i b i t e d  b e h a v i o r  i d e n t i c a l  
t o  t h a t  o f  a m i x t u r e  o f  15a a n d  15b when h e a t e d  i n  a m e l t i n g  
p o i n t  c a p i l l a r y ;  p a r t i a l  m e l t i n g  was f o l l o w e d  by c o l o r  l o s s  
a n d  r e s o l i d i f i c a t i o n .  The m e l t i n g  p o i n t  o f  t h e  r e s o l i d i f i e d  
mass  was 2 2 0 , 0 - 7 2 3 , 0 °  d e c .
T h i n  L a y e r  C h r o m a t o g r a p h y  D a t a , A t i c  p l a t e  c o a t e d  
w i t h  a l u m i n a  was s p o t t e d  w i t h  p u r e  1 5 a , p u r e  1 5 b , a nd  a m i x ­
t u r e  o f  t h e  t wo .  A f t e r  d e v e l o p m e n t  w i t h  CHCI3 , e x a m i n a t i o n  
u n d e r  u l t r a v i o l e t  l i g h t  showed one s p o t  f o r  1 5 a , Rp 0 , 2 2 ;
15b Rp 0 , 4 7  a nd  c a ,  0 , 2 ,  v e r y  f a i n t ;  m i x t u r e ,  Rp 0 , 2 5  and  
0 . 4 7 ,  A s e c o n d  p l a t e  was s p o t t e d  w i t h  i s o m e r i z e d  1 5a f rom 
a b o v e  and  a f t e r  d e v e l o p m e n t  w i t h  CHCI3 , two s p o t s  c o u l d  be 
s e e m  Rp 0 , 2 5  and  0 , 4 4 ,
A t h i r d  p l a t e ,  d e v e l o p e d  w i t h  e t h y l  a c e t a t e ,  gave  
f o r  15a  one  s p o t  a t  t h e  o r i g i n ,  0 , 0 0 ;  1 5 b , one  s p o t ,
Rp 0 , 6 4 ;  i s o m e r i z e d  1 5 b , Rp 0 , 0 0  and  0 , 6 5 ,  I o d i n e  v a p o r  
d e v e l o p m e n t  showed t h e  p r e s e n c e  o f  no o t h e r  c o m p o n e n t s .
H y d r o c h l o r i d e . The h y d r o c h l o r i d e  of  15b was p r e ­
p a r e d  by p a s s i n g  HC1 t h r o u g h  an e t h e r e a l  s o l u t i o n  o f  t h e  
f r e e  b a s e ,  A y e l l o w  s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  
w a s h e d ,  and d r i e d ;  mp 2 3 5 - 2 3 8 °  d e c ,  An a n a l y t i c a l  s a mp l e  
was o b t a i n e d  by d i s s o l v i n g  t h e  s u b s t a n c e  i n  e t h a n o l  f o l l o w e d  
by p r e c i p i t a t i o n  w i t h  e t h e r ;  mp 2 3 4 , 0 - 2 3 6 , 0 °  d e c ;  uv 
( c  2 . 1 x l 0 - 4 , a l c o h o l )  [nm ( € ) ]  3 4 6 . 0  ( 8 3 4 ) ,  2 8 6 , 8  ( 9 3 0 0 ) .
A n a l . C a l c d  f o r  Cj ^H^gNQCl 1 C,  6 5 , 6 7 ;  H, 6 , 8 0 ;
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N, 5 , 8 9  a n d  c a l c d  f o r  C ^ H ^ g N O C l * l / 3  Hj Oi C,  6 4 , 0 6 ;  H,  6 , 9 0 ;  
Nt 5 , 7 5 ,  Found* C,  6 4 . 2 9 ;  H, 6 , 8 9 ;  N, 5 , 8 9 .
A f t e r  p r o l o n g e d  r e d r y i n g  o f  t h e  s a m p l e  ( 1 0 0 °  a t  0 , 1  
mm),  i t  gave  mp 2 2 5 . 0 - 2 2 7 , 5 °  d e c .
A n a l . Found* C,  6 5 . 6 3 ;  H,  6 , 8 8 ; N, 5 , 8 3 .
E n o l  A c e t a t e  o f  l j i j j . To a s o l u t i o n  o f  15b ( 2 0 . 2  g,  
0 , 2 0  mo l )  i n  125 ml p y r i d i n e  was a d d e d  a c e t i c  a n h y d r i d e  
( 3 2 , 3  g ,  0 , 3 2  m o l ) .  The r e d  s o l u t i o n  was h e a t e d  t o  r e f l u x  
f o r  0 , 5  h r  and  a l l o w e d  t o  c o o l  f o r  2 , 5  h r .  The s o l u t i o n  was 
a g a i n  h e a t B d  b r i e f l y  t o  r e f l u x  t e m p e r a t u r e ,  a l l o w e d  t o  c o o l ,  
a nd  p o u r e d  i n t o  i c e  w a t e r .  The s o l u t i o n  was made b a s i c  w i t h  
d i l u t e  s od i um h y d r o x i d e  t o  pH 8 - 9 ,  and  t h e  t a n  o i l y  s o l i d  
whi ch  f o r me d  was s e p a r a t e d  by d e c a n t a t i o n .  T h i s  was d i s ­
s o l v e d  i n  c h l o r o f o r m  a n d  t h e  s o l u t i o n  wa s h e d  w i t h  w a t e r  
u n t i l  no more  c o l o r  p a s s e d  i n t o  i t  and  t h e  o d o r  of  p y r i d i n e  
c o u l d  no l o n g e r  be d e t e c t e d .  The c h l o r o f o r m  s o l u t i o n  was 
d r i e d  ( fdgSO^) ,  t r e a t e d  w i t h  N o r i t e  and  f i l t e r e d .  To t h i s  
s o l u t i o n  was a d d e d  100  ml l i g r o i n  ( 9 5 - 1 1 5 ° )  a n d  t h e  s o l u t i o n  
s l o w l y  d e p o s i t e d  1 6 . 3  g ( 6 7 ^ )  o f  s o l i d  wh i c h  was a m i x t u r e  
o f  b o t h  e n o l  a c e t a t e s  19a  a nd  1 9 b . A f t e r  r e p e a t e d  r e c r y ­
s t a l l i z a t i o n  o f  t h e  l ow m e l t i n g  f r a c t i o n  f rom e t h e r - l i g r o i n , 
a y e l l o w  s u b s t a n c e  was o b t a i n e d  wh i c h  may h a v e  b e e n  t h e  e n o l  
a c e t a t e  o f  1 5 b ; mp 1 0 5 , 2 - 1 0 7 , 0 ° ;  uv ( £  8 , 3 5 x 1 0 " ^ ,  e t h a n o l )  
[nm ( 6 ) ]  4 4 8 . 8  ( 3 5 ) ,  347 ( 6 6 0 ) ,  2 8 7 , 5  ( 1 0 4 5 0 ) ;  i r  ( m u l l )
1755 ( CO) ,  7 5 5 ,  675 (CgHg)  c m" * .  T h i s  s u b s t a n c e  d e c o mp o s e d  
on s t a n d i n g  and  c o u l d  n o t  be a n a l y z e d .
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A t t e m p t e d  R e d u c t i o n  o f  lEia  ^ t o  1_6
C a t a l y t i c  R e d u c t i o n  o f  1 5 a , I n  a t y p i c a l  r e a c t i o n ,  
15a  ( 2 5 . 0  g ,  0 , 1 2 4  mo l )  was d i s s o l v e d  i n  100 ml d i l u t e  HC1,  
p l a t i n u m  o x i d e  ( 0 , 5  g)  a d d e d  a n d  t h e  m i x t u r e  s u b j e c t e d  t o  
h y d r o g e n a t i o n  on t h e  B u r g e s s - P a a r  a p p a r a t u s  a t  30 p s i g .
A f t e r  t h e  u p t a k e  o f  h y d r o g e n  c e a s e d ,  t h e  c o l l o i d a l  p l a t i n u m  
was  r emoved  w i t h  t h e  a i d  o f  a f r i t t e d  g l a s s  f u n n e l  w i t h  g r a ­
v i t y  f l o w .  To t h e  f i l t r a t e  was a d d e d  NajCO-j t o  pH 9 and  a 
w h i t e  s o l i d  p r e c i p i t a t e d  whi ch  was c o l l e c t e d  v i a  f i l t r a t i o n ,  
wa s he d  w i t h  w a t e r  and  d r i e d ,  g i v i n g  2 5 , 0  g ( 9 9 $ ) ;  mp 9 5 , 5 -  
1 0 1 . 5 ° .
The i n f r a r e d  s p e c t r u m  s howed b a n d s  a t  3600 (OH) a nd  
1700  cm- * ( C = 0 ) ,  The p r o d u c t  a p p e a r e d  t o  be  a  m i x t u r e  o f  
t h e  a l c o h o l  a nd  t h e  k e t o n e  £ 6 , T h i s  was s u b s t a n t i a t e d  
by t h e  p r e s e n c e  o f  a  c a r b o n y l  b a n d  a t  283 nm (£  1 2 0 )  i n  t h e  
u l t r a v i o l e t  s p e c t r u m ,
A l o n g e r  r e a c t i o n  t i m e  f a i l e d  t o  y i e l d  a p r o d u c t  i n  
wh i c h  t h e  c a r b o n y l  g r o u p  was c o m p l e t e l y  r e d u c e d .  S e p a r a t i o n  
was  n o t  a c h i e v e d  by c h r o m a t o g r a p h i c  p r o c e d u r e s ,
l - M e t h y l - 3 - b e n z y l - 4 - » p i p e r i d i n o l  ( 1 6 ) .  A s o l u t i o n  
o f  t h e  m i x t u r e  a b o v e  ( 3 0 , 0  g ,  cja,  0 . 1 5  m o l )  i n  THF was a d d e d  
t o  a s l u r r y  o f  Li Al H^  ( 1 0  g ,  x s )  i n  THF,  The m i x t u r e  was 
h e a t e d  t o  r e f l u x  t e m p e r a t u r e  f o r  8  h r ,  a n d  e x c e s s  h y d r i d e  
d e compos e d  by a d d i t i o n  o f  a l c o h o l ,  f o l l o w e d  by w a t e r .  The 
w h i t e  s o l i d  was s e p a r a t e d  by f i l t r a t i o n ,  was hed  w i t h  THF and  
t h e  w a s h i n g s  wer e  a d d e d  t o  t h e  f i l t r a t e .  The p a l e  y e l l o w  
s o l u t i o n  was  b u f f e r e d  t o  pH 6  a nd  a l l o w e d  t o  s t a n d  f o r  12 h r j
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a s m a l l  amount  o f  s o l i d  wh i c h  h ad  f o r m e d  was  r emove d  f rom 
t h e  s o l u t i o n  by f i l t r a t i o n .  To t h e  c l e a r  y e l l o w  s o l u t i o n  was 
a dded  £00  ml w a t e r  f o l l o w e d  by s a t u r a t e d  Na2 C0 ^ t o  pH 0 ,  A 
w h i t e  s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  wa s hed  t o  r e move  a l l  
t r a c e s  o f  b a s e ,  a n d  d r i e d  a t  60°  ( 2 0  mm),  A f t e r  40 h r ,  c o n ­
s t a n t  w e i g h t  was r e a c h e d ,  g i v i n g  2 9 . 5  g of w h i t e  s o l i d }  mp
1 0 6 , 5 - 1 0 9 . 0 ° }  i r  (CC14 ) 3 6 0 0 ,  3 5 0 0 - 3 1 0 0  (OH) ,  1 6 0 0 - 1 8 0 0  c l e a r  
( no CO) c m " ! , T h i s  s u b s t a n c e  was s o l u b l e  i n  mo s t  o r g a n i c  
s o l v e n t s  and  d i l u t e  HC1,  R e c r y s t a l l i z a t i o n  g a v e  o n l y  o i l s  
e x c e p t  w i t h  p a r a f f i n  s o l v e n t s  s u c h  a s  p e n t a n e  o r  h e x a n e .
In t h e s e  c a s e s  a c r y s t a l l i n e  s o l i d  was o b t a i n e d  a l b e i t  o f  
l a r g e  mp r a n g e s  ( e . g .  mp 9 8 - 1 1 7 ° ) .  T h i s  p r o b a b l y  r e s u l t e d  
f rom o c c l u s i o n  o f  s o l v e n t  ( v i d e  i n f r a ) .  E l u t i o n  c h r o m a t o ­
g r a p h y  f a i l e d  t o  s e p a r a t e  t h e  i s o m e r s  o r  i mp r o v e  t h e  m e l t i n g  
p o i n t  r a n g e .
H y d r o b r o m j d e . The h y d r o b r o m i d e ,  p r e p a r e d  f rom e t h e r ­
e a l  s o l u t i o n ,  was i s o l a t e d  a s  an  e x t r e m e l y  h y g r o s c o p i c  w h i t e  
s o l i d .  A f t e r  e x t e n s i v e  d r y i n g ,  i t  m e l t e d  a t  1 8 4 , 0 - 2 1 5 , 0 ° ,
Due t o  i t s  h y g r o s c o p i c  n a t u r e  i t  was n o t  wo r k e d  w i t h  f u r t h e r .
H y d r o c h l o r i d e . The h y d r o c h l o r i d e  was a l s o  p r e p a r e d  
b u t  f a i l e d  t o  g i v e  s a t i s f a c t o r y  r e c r y s t a l l i z a t i o n .  The s a l t ,  
a f t e r  r e p e a t e d  p r e c i p i t a t i o n  f rom a l c o h o l  w i t h  e t h e r ,  e x h i ­
b i t e d  mp 1 8 8 , 5 - 1 9 0 . 0 °  d e c j  uv (c, 7 . 5 x l 0 ” 3 , e t h a n o l )  [nm ( 6 ) 1  
340 ( 9 , 6 ) ,  2 6 7 . 1  ( 9 9 ) ,  2 6 3 . 8  ( 1 4 3 ) ,  2 6 0 . 6  sh  ( 1 4 3 ) ,  2 5 8 . 0  
( 1 7 9 ) ,  2 5 2 . 5  ( 1 4 4 ) ,  2 4 7 . 6  ( 1 0 6 ) ,  2 4 2 , 3  ( 7 4 ) ,  237 sh ( 4 5 ) ,
217 s h  ( 3 5 0 0 ) ,  2 0 9 . 5  ( 6 1 0 0 ) ,  2 0 5 . 5  ( 6 4 8 0 ) ,
P i c r a t e ,  The p i c r a t e ,  o b t a i n e d  f r om e t h a n o l  a s  a
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y e l l o w  c r y s t a l l i n e  s o l i d ,  m e l t e d  o v e r  a  h u n d r e d  d e g r e e  r a n g e ,  
i n d i c a t i n g  o c c l u s i o n  o f  s o l v e n t .  A f t e r  d r y i n g  f o r  3 h r  a t  
5 0 °  (4  mm),  i t  m e l t e d  a t  1 3 6 - 1 4 9 °  d e c .  A t t e m p t e d  r e c r y s t a l ­
l i z a t i o n  f rom s e v e r a l  s o l v e n t s  g a v e ,  i n  a l l  c a s e s ,  d a r k  s e m i ­
s o l i d  o i l s ,
E s t e r i f i c a t i o n  ui i th A c e t y l  C h l o r i d e . The  d i a s t e r e o -  
m e r i c  a l c o h o l  m i x t u r e  ( 7 . 4  g ,  0 , 0 3  mo l )  was d i s s o l v e d  i n  
a c e t y l  c h l o r i d e  ( 2 5  ml )  and  t h e  s o l u t i o n  h e a t e d  a t  g e n t l e  
r e f l u x  f o r  3 h r .  Wa t e r  was a d d e d ,  a n d  t h e  s o l u t i o n  was e x ­
t r a c t e d  w i t h  3 p o r t i o n s  e t h e r .  The a q u e o u s  l a y e r  was made 
h a s i c  w i t h  d i l u t e  ^ C O j  and  t h e  p r o d u c t  e x t r a c t e d  i n t o  two 
100- ml  p o r t i o n s  e t h e r .  Wa s h i n g ,  f i r s t  w i t h  two p o r t i o n s  o f  
w a t e r  a n d  t h e n  w i t h  s a t u r a t e d  NaCl  s o l u t i o n ,  was f o l l o w e d  
by N o r i t e  t r e a t m e n t  a n d  d r y i n g  ( iTgSO^) .  The s o l v e n t  was 
e v a p o r a t e d  f rom t h e  r e s u l t i n g  c l e a r  y e l l o w  s o l u t i o n ,  u n d e r  
r e d u c e d  p r e s s u r e ,  y i e l d i n g  a y e l l o w  o i l .
The o i l  was d i s s o l v e d  i n  d i l u t e  HC1,  and  t h e  s o l u ­
t i o n  was made b a s i c  w i t h  d i l u t e  t ^ CO^ .  A l i g h t  t a n  s o l i d  
( 7 . 9  g)  was o b t a i n e d ,  mp 5 7 - 7 8 ° ,  whi ch  g a v e  a s t r o n g  ba n d  
a t  1740 (CO) i n  t h e  i r  s p e c t r u m .  E l u t i o n  c h r o m a t o g r a p h y
f a i l e d  t o  r e s o l v e  t h e  m i x t u r e .
R e d u c t i o n  o f  Eno l  A c e t a t e  19 o v e r  P l a t i n u m  O x i d e ,
En o l  a c e t a t B  1_9 ( 1 3  g ,  0 , 0 5 3  mo l )  was  d i s s o l v e d  i n  e t h a n o l -  
w a t e r  ( i l l )  a n d  a c i d i f i e d  t o  pH 4 w i t h  d i l u t e  HC1,  The 
s u b s t a n c e  was s u b m i t t e d  t o  h y d r o g e n a t i o n  on t h e  B u r g e s s - P a a r  
a p p a r a t u s  ( 3 5  p s i g )  f o r  2 , 7 5  h r  i n  t h e  p r e s e n c e  o f  p l a t i n u m  
o x i d e .  When t h e  u p t a k e  o f  h y d r o g e n  c e a s e d ,  t h e  c a t a l y s t  was
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r emoved  by F i l t r a t i o n  and  t h e  s o l u t i o n  d i l u t e d  w i t h  w a t e r .  
Slow a d d i t i o n  o f  K2 CO3  t o  pH 8 - 1 0  r e s u l t e d  i n  t h e  p r e c i p i t a ­
t i o n  o f  a w h i t e  s o l i d  whi ch  was c o l l e c t e d  by f i l t r a t i o n  a n d  
was hed  w i t h  w a t e r .  P u r i f i c a t i o n  by a c i d  t r e a t m e n t  and r e -  
p r e c i p i t a t i o n  f rom b a s i c  medium y i e l d e d  9 , 4 9  g ( 7 3 ^ )  o f  c r u d e  
p r o d u c t )  mp 8 4 , 0 - 9 3 , 0 ° )  i r  ( m u l l )  1750  cm"* ( CO) .
Column c h r o m a t o g r a p h y  o v e r  a l u m i n a  ( 4 , 0  cm x 31 cm)  
u s i n g  i s o p r o p y l  a l c o h o l  a s  t h e  e l u e n t  g a v e  l - m e t h y l - 3 - b e n z y l -  
4 - p i p e r i d i n o l  a c e t a t e  ( , 27) ,  7 , 0 6  gj  mp 5 7 - 8 0 ° ,  T h i s  m e l t e d  
a t  9 3 , 0 - 9 5 , 0 °  a f t e r  r e c r y s t a l l i z a t i o n  f r om i s o p r o p a n o l - w a t e r ,  
and  was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n  i n  t h e  n e x t  s t e p .
R e d u c t i o n  o f  l - r n e t h y l - 3 - b e n z y l - 4 - p i p e r i d i n o l  A c e t a t e  
( 2 7 )  w i t h  L i A l H ^ .  The a c e t a t e  e s t e r  £7  ( 5 , 7  g,  0 , 0 2 3  m o l )  
was r e d u c e d  w i t h  Li Al H^  i n  100 ml e t h e r .  The m i x t u r e  was 
h e a t e d  b r i e f l y  t o  r e f l u x  t e m p e r a t u r e  a n d  a l l o w e d  t o  c o o l .  
A f t e r  t h e  e x c e s s  h y d r i d e  h a d  been  d e s t r o y e d  w i t h  a l c o h o l  
f o l l o w e d  by w a t e r ,  t h e  mi x e d  h y d r o x i d e s  wer e  s e p a r a t e d  v i a  
f i l t r a t i o n .  The e t h e r e a l  s o l u t i o n  was was hed  w i t h  w a t e r  a n d  
d r i e d  w i t h  NaCl  s o l u t i o n .  Dr y i n g  was c o m p l e t e d  (NgSO^)  a n d  
t h e  d r y i n g  a g e n t  s e p a r a t e d  v i a  f i l t r a t i o n .  To t h e  f i l t r a t e  
was a d d e d  1 0 0  ml l i g r o i n ,  a n d  t h e  s o l u t i o n  e v a p o r a t e d  u n t i l  
s o l i d  j u s t  b e g a n  t o  f o r m .  C o o l i n g  y i e l d e d  a w h i t e  c r y s t a l ­
l i n e  s o l i d ,  4 . 7  g ( 1 0 0 p S ) i  mp 1 1 4 , 5 - 1 1 9 . 0 °  s o f t e n ,  £ a .  1 3 5 °  
m e l t ;  i r  ( m u l l )  3 3 5 0 - 3 1 0 0  m, b r o a d  (OH) cm"* ( F i g .  7 ) )  uv 
( c  1 , 4 4 x 1 0 " 2 , e t h a n o l )  [nm ( 6 ) ]  3 3 5 . 5  ( l l ) ,  306 s h  ( 1 6 ) ,
285 sh ( 2 4 ) ,  2 6 8 , 1  ( 1 5 0 ) ,  1 6 4 , 0  ( 1 8 6 ) ,  2 6 1 . 0  ( 2 1 1 ) ,  2 5 8 , 3  
( 2 3 7 ) ,  2 5 2 . 7  ( 2 2 4 ) ,  2 4 7 , 5  ( 2 0 7 ) ,  2 4 1 . 7  sh ( 2 1 2 ) ,  2 1 7 . 5  i n f
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( 5 0 4 0 ) ,  2 0 9 , 4  ( 8 7 0 0 ) ,  2 0 6 . 0  ( 8 7 5 0 ) }  nmr (CDCI 3 ) 7 . 2 3  s i n g l e t  
( p h e n y l ) ,  2 , 0 5  s i n g l e t  (N-CH3 ) ppm.  The r e m a i n d e r  o f  t h e  
s p e c t r u m  a p p e a r e d  a s  s e r i e s  o f  b r o a d  p e a k s  whi ch  c o u l d  n o t  
be i d e n t i f i e d ,  a l t h o u g h  i t  a p p e a r e d  t h a t  s i g n a l s  b e t we e n  0 . 0  
a n d  2 , 0  ppm r e s u l t e d  f rom h y d r o c a r b o n  i m p u r i t i e s .  On d r y i n g  
a t  r e d u c e d  p r e s s u r e  no d i f f e r e n c e s  i n  t h e  p r o p e r t i e s  o f  t h e  
s u b s t a n c e  wer e  d e t e c t a b l e ,  b u t  i f  h e a t i n g  wer e  a p p l i e d  t o  
e n h a n c e  d r y i n g  t h e  s u b s t a n c e  s eemed  t o  d e c o m p o s e ,  a n d  eve n  
w i d e r  m e l t i n g  p o i n t  r a n g e s  wer e  o b s e r v e d .  S a mp l e s  s u b m i t t e d  
f o r  a n a l y s i s  c o n s i s t e n t l y  g a v e  h i g h  v a l u e s  f o r  c a r b o n ,  e , q . t
A n a l . C a l c d  f o r  C^ H^ g NOj  C,  7 6 , 0 4 }  H, 9 . 3 5 }  N,
6 . 8 2 .  f o u n d s  C,  7 7 , 7 1 }  H, 9 . 1 5 }  N, 6 , 3 8 ,  O t h e r  a n a l y s e s  
ga ve  C, 7 7 , 0 - 7 8 . 1 .  T h i s  p r o b a b l y  r e f l e c t s  t h e  a b i l i t y  o f  
t h i s  s u b s t a n c e  t o  t r a p  o r  " i n c l u d e ” p a r a f f i n  s o l v e n t s .  The 
f r o t h i n g  o b s e r v e d  d u r i n g  d r y i n g  a t  1 0 0 °  p r o b a b l y  r e s u l t e d  
f rom l o s s  o f  t h e s e  s o l v e n t s  and  n o t  f rom d e c o m p o s i t i o n  o f  
p r o d u c t .
l - M e t h y l - 3 - b e n z a l - 4 - p i p e r i d i n o l  ( 2 8 ) , Compound 15a 
( 4 , 5  g,  0 , 0 2  mo l )  was s u s p e n d e d  i n  100 ml THF and Li Al H^  was 
a d d e d  t o  t h i s  m i x t u r e .  S u f f i c i e n t  h e a t  was g e n e r a t e d  t o  b r i n g  
t h e  s o l v e n t  t o  r e f l u x  t e m p e r a t u r e ,  a nd  t h e  m i x t u r e  was a l l o w e d  
t o  s t a n d  f o r  1 h r .  The w o r k - u p  was s i m i l a r  t o  t h a t  d e s c r i b e d  
f o r  ^ 6  a b o v e ,  y i e l d i n g  a p a l e  y e l l o w  c r y s t a l l i n e  s o l i d ,  4 , 0  gi  
mp 6 7 - 1 1 9 ° ,  A s m a l l  s a m p l e ,  d r i e d  a t  80°  f o r  15 mi n ,  g a v e  
mp 7 3 . 0 - 1 1 8 . 5 ° }  nmr  (C0C13 ) 7 . 2 3  s i n g l e t  (CfiH5 ) ,  6 . 8 7  s i n g ­
l e t  ( v i n y l ) ,  2 , 0 4  s i n g l e t  (N-CH3 ) ppm,  Numer ous  p e a k s  b e t w e e n  
0 , 5  a nd  1 , 8  ppm a g a i n  i n d i c a t e d  o c c l u d e d  s o l v e n t ,  A w e l l -
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g r o u n d  s a mp l e  d r i e d  a t  8 0 °  f o r  1 2  h r  ga ve  an i d e n t i c a l  mp 
v a l u e  a n d  nmr s p e c t r u m .
A p p r o x i m a t e l y  250  mg o f  p r o d u c t  was p l a c e d  i n  an 
e v a p o r a t i n g  d i s h  and  t h e  s u b s t a n c e  h e a t e d  u n t i l  t h e  e n t i r e  
mass  was f u s e d .  T h i s  t e m p e r a t u r e  was m a i n t a i n e d  f o r  s e v e r a l  
m i n u t e s  and t h e  m e l t  was c o n s t a n t l y  s t i r r e d .  As t h e  s u b ­
s t a n c e  c o o l e d ,  a y e l l o w  g l a s s  f o r m e d .  T h i s  was g r o u n d ,  
g i v i n g  a y e l l o w  p o wd e r ,  mp 1 2 2 , 0 - 1 2 4 , 5 ° .  The nmr s p e c t r u m  
showed no s o l v e n t  p e a k s  b u t  was o t h e r w i s e  u n c h a n g e d ,  i n d i ­
c a t i n g  t h a t  t h e  o c c l u d e d  s o l v e n t  ha d  been  l o s t  on h e a t i n g  
and  t h a t  d e c o m p o s i t i o n  had  n o t  o c c u r r e d .  The uv s p e c t r u m  
showed o n l y  one  b and  a t  240  nm ( (  7 5 0 0 )  c o n s i s t e n t  w i t h  t h e  
s t y r y l  c h r o m o p h o r e  o f  2 8 .
A t t e m p t e d  PPA C y c l l z a t i o n  o f  l - M e t h y l - 3 - b e n z y l - 4 -  
p i p e r i d i n o l  ( 1 6 ) . The c r u d e  a l c o h o l  _16 ( 1 0 . 8  g ,  0 . 0 5  mo l )  
was d i s s o l v e d  i n  100 ml p o l y p h o s p h o r i c  a c i d .  The v i s c o u s ,  
s t i r r e d  s o l u t i o n  was h e a t e d  t o  1 5 0 - 1 6 0 °  f o r  45 min a nd  t h e  
h o t  s o l u t i o n  p o u r e d  i n t o  i c e  w a t e r  and  n e u t r a l i z e d  w i t h  NaOH. 
A t a n  p r o d u c t  p r e c i p i t a t e d  and  was c o l l e c t e d  by f i l t r a t i o n ,  
g i v i n g  7 . 5  g o f  t a n  s o l i d ;  mp 5 9 . 5 - 6 0 . 0 ° ;  i r  ( m u l l )  762 v s ,  
704 vs  ( mo n o s u b ,  p h e n y l )  cm“ ^;  i r  ( C C l ^ )  1 9 5 2 ,  1 880 ,  1 8 1 5 ,  
1755 vw ( m o n o s u b .  p h e n y l )  cm"^, ^®
Nmr (CDCI 3 ) 7 , 2 5  s i n g l e t  ( p h e n y l ) ,  3 , 9 5  b r o a d  s i n g ­
l e t  ( p o s s i b l y  v i n y l ) ,  2 . 2 4  s i n g l e t  ( N—CH3 ) ppm.  The r e ­
m a i n d e r  o f  t h e  s p e c t r u m  c o u l d  n o t  be i n t e r p r e t e d .  A p p a r e n t l y  
o n l y  d e h y d r a t i o n  h a d  o c c u r r e d .
The h y d r o c h l o r i d e ,  a  p i n k  s o l i d ,  was p r e p a r e d  i n
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e t h e r ,  mp 2 1 1 - 2 1 6 °  d e c .
A t t e m p t e d  C y c l i z a t i o n  w i t h  P ^ 0 i n » l - r f l e t h y l - 3 - b e n z y l -  
4 - p i p e r i d i n o l  (.16) ( 5 , 0 0  g,  0 . 0 2 4  mo l )  was  mi xed  w i t h  P^O^ q 
( 6 , 9  g,  0 , 0 2 4  mol )  i n  a v e n t e d  f l a s k  and  h e a t e d  w i t h  t h e  a i d  
o f  an o i l  b a t h  t o  1 4 5 °  f o r  0 . 5  h r .  A s e m i s o l i d  mas s  f a r m e d .
To t h i s  was s l o w l y  a d d e d  100 ml i c e - w a t e r  a nd  t h e  m i x t u r e  
c a r e f u l l y  s t i r r e d  i n  o r d e r  t o  d i s s o l v e  a l l  o i l s .  The  s o l u ­
t i o n  was e x t r a c t e d  t w i c e  w i t h  e t h e r  and  made b a s i c  w i t h  
Na2 CO>3 , A t a n  s o l i d  was  c o l l e c t e d  by f i l t r a t i o n ,  was he d  
w i t h  w a t e r ,  and  p u r i f i e d  by e x t r a c t i o n  i n t o  a c i d  a n d  r e p r e ­
c i p i t a t i o n  w i t h  ^ 2 6 0 3 , The r e s u l t i n g  w h i t e  s o l i d ,  3 , 9 5  g,  
h a d  s p e c t r a  s i m i l a r  t o  t h o s e  o f  t h e  p r o d u c t  o b t a i n e d  by PPA 
c o n d i t i o n s ,  i n d i c a t i n g  t h a t  s i m p l e  d e h y d r a t i o n  h ad  a g a i n  
o c c u r r e d ,
A t t e m p t e d  C y c l i z a t i o n  o f  1_6 w i t h  P^O^q i n  R e f l u x i n g  
B r o m o b e n z e n e . The a l c o h o l  16^  ( 3 , 0  g ,  0 , 0 1 5  mol )  was  d i s s o l v e d  
i n  b r o mo b e n z e n e  and  P^O^q ( 6  g )  was a d d e d .  The m i x t u r e  was 
h e a t e d  t o  r e f l u x  t e m p e r a t u r e  f o r  45 min a n d  p o u r e d  i n t o  i c e  
w a t e r ,  Ulork-up y i e l d e d  an o l e f i n i c  s u b s t a n c e ,  1 . 0  g;  mp 8 3 -  
B5°J  i r  ( m u l l )  1680 ( o l e f i n ) ,  7 5 5 ,  700 ( mo n o s u b ,  b e n z e n e )  c m " ^ ,  
T h i s  s u b s t a n c e  was n o t  wor ked  w i t h  f u r t h e r .
P r e p a r a t i o n s  o f  8 - T e t r a l o n e  ( 3 0 )  and  6 - | Y l e t h o x y - 2 - t e t r a l o n e  ( 3 5 )
P r e p a r a t i o n  o f  P h e n v l a c e t y l  C h l o r i d e . A m i x t u r e  o f  
p h e n y l a c e t i c  a c i d  ( 1 4 0  g,  1 . 0  m o l )  a n d  t h i o n y l  c h l o r i d e  ( 1 3 5  g,  
1 . 1  mo l )  was h e a t e d  t D  r e f l u x  t e m p e r a t u r e  f o r  0 . 5  h r .  The 
r e s u l t i n g  d a r k  l i q u i d  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  
t o  g i v e  a n e a r l y  c o l o r l e s s  l i q u i d ,  bp 7 0 - 7 5 °  ( 0 , 2 - 0 , 5  mm);
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1 4 5 , 7  g ( 92PS) J nmr ( n e a t )  6 , 7 4  m u l t i p l e t  ( 5 H ) ,  3 , 4 1  s i n g l e t  
(2H)  ppm.
P r e p a r a t i o n  o f  f j - T e t r a l o n e  ( 3 0 )  v i a  t h e  F r i e d e l -  
C r a f t s  R e a c t i o n , I n  t h e  b e s t  o f  s e v e n  r e a c t i o n s ,  p h e n y l -  
a c e t y l  c h l o r i d e  ( 3 7 , 2  g ,  0 , 2 4  mo l )  was a d d e d  d r o p w i s e ,  o v e r  
a p e r i o d  o f  2 h r ,  t o  1 , 2  1 c a r b o n  d i s u l f i d e ,  whi ch  was c o o l e d  
i n  an  i c e  b a t h  a n d  c o n t a i n e d  Al Cl ^  ( 6 4  g,  0 , 4 8  m o l ) .  T h r o u g h ­
o u t  t h e  c o u r s e  o f  t h e  r e a c t i o n ,  d r y  e t h y l e n e  g a s  was b u b b l e d  
t h r o u g h  t h e  s o l u t i o n  a n d  t h e  r e a c t i o n  m i x t u r e  s t i r r e d .  F o l ­
l o w i n g  t h e  a d d i t i o n  o f  t h e  a c i d  c h l o r i d e ,  3 g o f  f r e s h  AI CI 3  
was a d d e d .  The e t h y l e n e  f l o w  was i n t e r r u p t e d  a f t e r  4 h r  and 
t h e  r e a c t i o n  m i x t u r e  p o u r e d  i n t o  a m i x t u r e  o f  i c e  a nd  c o n c d  
HC1,  T h i s  m i x t u r e  was w e l l  s t i r r e d  t o  d i s s o l v e  t h e  l a r g e  
a mo u n t  of  p o l y m e r i c  m a t e r i a l s  p r e s e n t ;  t h e  t wo l a y e r s  wer e  
s e p a r a t e d  and  t h e  a q u e o u s  l a y e r  e x t r a c t e d  t w i c e  w i t h  1 0 0  ml 
CS2 . The w a s h i n g s  wer e  a d d e d  t o  t h e  CS2 l a y e r ,  a nd  t h i s ,  
i n  t u r n ,  was hed  t h r e e  t i m e s  w i t h  250  ml w a t e r .  The r e d d i s h  
s o l u t i o n  was d r i e d  ( f l gSO^) ,  and  t h e  s o l v e n t  r emove d  u n d e r
r e d u c e d  p r e s s u r e ,  A d a r k  r e d  o i l  r e m a i n e d  w h i c h  g a v e  a p o s i -
t n
t i v e  p - t e t r a l o n e  b l u e  t e s t .  T h i s  was d i s s o l v e d  i n  50 ml 
e t h e r  and e x t r a c t e d ,  i n  t u r n ,  w i t h  1 0 0  ml w a t B r ,  t w i c e  w i t h  
d i l u t e  fJajCOg,  t w i c e  w i t h  w a t e r ,  a n d  f i n a l l y  w i t h  c o l d  s a t u ­
r a t e d  NaCl  s o l u t i o n .  The s o l v e n t  was r e moved  u n d e r  r e d u c e d  
p r e s s u r e  and t h e  r e s u l t i n g  o i l  d i s t i l l e d .  The f r a c t i o n  
d i s t i l l i n g  a t  1 8 5 - 1 9 5 °  ( 1 2 0 - 1 4 0  mm) was c o l l e c t e d ,  ( l i t . 2 8  
1 1 4 - 1 1 6 °  a t  4 , 5  mm) 1 2 3 . 5  g (67^£)j  i r  ( f i l m )  1725 vs  ( CO) ,
7 50  ( o r t h o - d i s u b ,  p h e n y l )  cm“ * .
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2 - N a p h t h y l  E t h y l  E t h e r . 2 - N a p h t h o l  ( 1 7 0  g ,  1 , 1 8  mol )  
and  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  ( 1 6 6  g ,  1 , 2 0  mo l )  wer e  d i s ­
s o l v e d  i n  150 ml w a t e r ,  w i t h  c o o l i n g .  To t h i s  s t i r r e d  s o l u ­
t i o n  was a d d e d  e t h y l  i o d i d e  ( 1 9 7  g,  1 , 2 6  mol )  i n  100  ml a c e t o n e .  
The s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  2 h r ,  a t  whi ch  t i m e  
a t e s t  f o r  t h e  p h e n o l  showed t h a t  r e a c t i o n  was c o m p l e t e .
The r e a c t i o n  m i x t u r e  was  c o o l e d  and t h e  a q u e o u s  l a y e r  
d e c a n t e d  f rom a hBavy o i l  a n d  e x t r a c t e d  w i t h  two 1 0 0 -ml  p o r ­
t i o n s  o f  b e n z e n e .  The e x t r a c t s  and o i l  were  c o m b i n e d  and 
e x t r a c t e d  t w i c e  w i t h  K2 CO3 s o l u t i o n  and  t h e n  w i t h  t h r e e  p o r ­
t i o n s  of  s a t u r a t e d  N a C l .  A f t e r  p u r i f i c a t i o n  w i t h  M o r i t e ,  
t h e  d r i e d  ( ^ C D g )  b e n z e n e  s o l u t i o n  was c o n c e n t r a t e d  t o  y i e l d  
a r e d  o i l  wh i c h  t e n d e d  t o  s o l i d i f y  upon c o o l i n g ,  mp 2 5 - 5 0 ° ,
To t h e  s o l i d  was a d d e d  500 ml o f  2 N NaOH and  t h e  
m i x t u r e  h e a t e d .  The  b a s i c  s o l u t i o n  t u r n e d  y e l l o w  a n d  an o i l  
f o r me d  on t h e  s u r f a c e .  H e a t i n g  was c o n t i n u e d  f o r  0 . 5  h r  w i t h  
s t i r r i n g ,  a n d  t h e  m i x t u r e  was c o o l e d  i n  an i c e  b a t h .  The 
s o l i d i f i e d  o i l  was c o l l e c t e d  by f i l t r a t i o n ,  and  t h e  lumps 
wer e  c r u s h e d  and  t h o r o u g h l y  wa s h e d  w i t h  w a t e r .  A f t e r  d r y i n g ,  
t h e  p r o d u c t  (89 g ,  4 4 $ )  m e l t e d  a t  3 4 - 3 6 ° .  R e c r y s t a l l i z a t i o n  
f rom e t h a n o l - u / a t e r  g a v e  6 9 , 5  g o f  2 - n a p h t h y l  e t h y l  e t h e r ,  
mp 3 4 . 6 - 3 6 °  ( l i t , 5 9  3 5 . 5 - 3 6 . 0 ° ) i  nmr (CDC13 ) 0 . 9 0  t r i p l e t  
( 3H) ,  3 , 3 5  q u a r t e t  ( 2 H ) ,  £ a ,  7 , 0  m u l t i p l e t  ( 7 h )  ppm.
g - T e t r a l o n e  ( 3 0 )  f rom 2 - N a p h t h y l  E t h y l  E t h e r  v i a  t h e
B i r c h  R e d u c t i o n , p - T e t r a l o n e  was p r e p a r e d  a c c o r d i n g  t o  t h e
7 Rme t h o d  o f  S o f f e r ,  B e i l i s ,  G e l l e r s o n ,  a n d  S t e w a r t .  The 
p r o d u c t  was i s o l a t e d  a s  t h e  s o d i u m b i s u l f i t e  a d d u c t  i n  y i e l d s
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o f  5 3 - 5 7 $ .  The nmr s p e c t r u m  (D2 O) o f  t h e  a d d u c t  s howed 2 , 1 5  
and  2 . 8 3  Aj S j  ( 4H) ,  3 , 1 0  s i n g l e t  ( 1 H ) ,  3 , 2 2  s i n g l e t  ( 1 H ) ,  
7 , 1 1  s i n g l e t  ( 4H, a r o m a t i c ) ,  4 , 6  s i n g l e t  (DOH) ppm,
A s m a l l  amount  o f  t h e  p l e a s a n t  s m e l l i n g  k e t o n e  was 
r e g e n e r a t e d .  Removal  o f  s o l v e n t ,  d i e t h y l  e t h e r ,  u n d e r  r e ­
d u c e d  p r e s s u r e ,  ga ve  p - t e t r a l o n e ,  nmr ( n e a t )  2 . 2 5  a nd  2 , 8 6  
A2 B2  (AH),  3 , 3 5  s i n g l e t  ( 2 H ) ,  7 , 0 5  p o o r l y  d e f i n e d  t r i p l e t  
( 4H) ppm. S ma l l  p e a k s  a t  1 . 0B t r i p l e t  and  c a ,  3 . 3 5  q u a r t e t  
ppm wer e  a s s i q n e d  t o  d i e t h y l  e t h e r .  S i n c e  s m a l l  a mo u n t s  o f  
s t a r t i n q  m a t e r i a l  o r  e t h e r  woul d  n o t  i n t e r f e r e  i n  t h e  n e x t  
s t e p ,  p - t e t r a l o n e  was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n ,  
p - f l l e t h o x y p h e n y l a c e t y l  C h l o r i d e . £ - | T l e t h o x y p h e n y l -  
a c e t i c  a c i d  ( 51 g,  0 , 31  mo l )  was mi x e d  w i t h  t h i o n y l  c h l o r i d e  
( 2 1 , 5  ml ,  0 . 3 0  mo l )  and  t h e  m i x t u r e  b r o u g h t  t o  g e n t l e  r e f l u x  
f o r  1 h r .  The c o n d e n s e r  was r emoved  and t h e  l i q u i d  h e a t e d  
b r i e f l y  t o  9 0 °  i n  o r d e r  t o  d r i v e  o u t  r e m a i n i n g  S O C ^ j  t h e  
l i g h t  o r a n g e  o i l  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .
A f t e r  d i s c a r d i n g  a s m a l l  f o r e - r u n ,  t h e  f r a c t i o n  d i s t i l l i n g  
a t  1 1 8 . 0 - 1 1 9 . 0 °  ( 4 . 5  mm) was c o l l e c t e d ;  54 g ( 9 6 $ ) j  i r  
( s m e a r )  1795 (RCOCl)  c m " ^ ; nmr ( n e a t )  3 , 3 3  s i n g l e t  ( 3H) ,
3 , 6 4  s i n g l e t  ( 2 H ) ,  6 , 6 5  AB q u a r t e t  (4H)  ppm.  T h i s  was u s e d  
d i r e c t l y  i n  t h e  n e x t  s t e p .
6 - | ¥ l e t h o x y - 2 - t e t r a l o n e  ( 3 5 ) . I n  a 3 - n e c k e d ,  r o u n d -  
b o t t o m e d  f l a s k ,  f i t t e d  w i t h  a d e l i v e r y  t u b e  f o r  e t h y l e n e  
g a s ,  a d r o p p i n g  f u n n e l ,  a nd  a s t i r r e r ,  was p l a c e d  400 ml 
CS2 » T h i s  was c o o l e d  i n  an i c e  b a t h  and  m a i n t a i n e d  a t  0°  
f o r  t h e  d u r a t i o n  o f  t h e  r e a c t i o n .  The e t h y l e n e  was a d j u s t e d
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t o  b u b b l e  s l o w l y  t h r o u g h  t h e  s t i r r e d  s o l v e n t ,  and  o v e r  a 
p e r i o d  o f  1 , 2 5  h r ,  £ - m e t h o x y p h e n y l a c e t y l  c h l o r i d e  ( 5 0  g,
0 , 2 7  mo l )  a n d ,  i n  s m a l l  p o r t i o n s ,  A l C l j  ( 7 0  g,  0 , 5 3  mo l )  
wer e  a d d e d .  The e t h y l e n e  f l o w was c o n t i n u e d  f o r  15 min a f t e r  
a d d i t i o n  o f  t h e  r e a g e n t s .  The s o l v e n t  was  d e c a n t e d  and  w a t e r  
a d d e d  t o  t h e  gummy m i x t u r e  w i t h  s t i r r i n g .  The CS2  was  e v a ­
p o r a t e d  i n  a  w a t e r  b a t h  i n  t h e  h o o d ,  and  w a t e r  was a d d e d  t o  
t h e  r e m a i n i n g  o i l .  Bo t h  p o r t i o n s  were  e x t r a c t e d  w i t h  e t h e r ,  
and  t h e  e x t r a c t s  wer e  c o m b i n e d ,  t r e a t e d  w i t h  N o r i t e ,  d r i e d  
(MgSO^) ,  and  t h e  s o l v e n t  r emove d  u n d e r  r e d u c e d  p r e s s u r e .
T h i s  l e f t  a d a r k  o i l  wh i c h  gave  a p o s i t i v e  p - t e t r a l o n e  b l u e  
t e s t ,
F o r m a t i o n  o f  t h e  B i s u l f i t e  A d d u c t . To t h e  o i l  o b ­
t a i n e d  a b o v e  was a d d e d  50 ml s a t u r a t e d  NaHSOg,  S h a k i n g  p r o ­
d u c e d  n o t i c e a b l e  c o o l i n g ,  b u t  no  s o l i d  f o r m a t i o n .  C o o l i n g  
t h e  s o l u t i o n  i n  d r y  i c e - a c e t o n e  gave  a  t a n  s o l i d ,  whi ch  was 
c o l l e c t e d  by f i l t r a t i o n ,  wa s hed  w i t h  c o l d  e t h a n o l  and e t h e r .  
The s o l i d  was t r a n s f e r e d  t o  a b e a k e r  a n d  wa s hed  a g a i n  w i t h  
c o l d  e t h a n o l .  The p a l e  y e l l o w  s o l i d  was c o l l e c t e d  by f i l ­
t r a t i o n ,  wa s hed  w i t h  e t h e r ,  a n d  d r i e d ,  y i e l d i n g  9 , 3  g (13%)  
o f  6 - m e t h o x y - 2 - t e t r a l o n e  s o d i u m b i s u l f i t e  a d d u c t ,
A s m a l l  amount  o f  t h e  l i g h t  y e l l o w  k e t o n e  (3J5) was 
r e g e n e r a t e d i  i r  ( s m e a r )  2820  (OCH3 ) ,  1 7 2 0  (CO) ,  8 8 0 ,  020 
( 1 , 2 , 4 - t r i s u b ,  p h e n y l )  cm“ * . Due t o  t h e  s m a l l  a mount  o f  
p r o d u c t  o b t a i n e d ,  i t  was u s e d  w i t h o u t  p u r i f i c a t i o n  f o r  t h e  
It iannich r e a c t i o n .
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The Manni ch  R e a c t i o n
3 - M B t h y l - 6 , 7 - b e n z o - 3 - a z a b l c y c l o [ ] 3  . 3 .1~ |nonen-9-or>e  ( 3 1 ) ,
P r o c e d u r e  fl . T h i s  r e a c t i o n  was m o d e l e d  on t h e  me t h o d  o f  Ho u s e ,
27Wickham and  M u l l e r  b u t  was u n s a t i s f a c t o r y  i n  i t s  f a i l u r e  t o  
y i e l d  a p r o d u c t  o f  s a t i s f a c t o r y  p u r i t y .  I n  a t y p i c a l  r e a c t i o n ,  
g - t e t r a l o n e  ( 4 , 9 2  g,  0 , 0 3 4  m o l ) ,  m e t h y l a m i n e  h y d r o c h l o r i d e  
( 2 , 0 3  g ,  0 , 0 3 7  m o l ) ,  a n d  40^ f o r m a l d e h y d e  ( 7 , 4  ml ,  0 , 2 3  mo l )  
uiere d i s s o l v e d  i n  67 ml g l a c i a l  a c e t i c  a c i d .  The r e s u l t i n g  
y e l l o w  s o l u t i o n  was h e a t e d  on a s t e a m  b a t h  f o r  3 , 5  h r .
Wa t e r  ( 1 0 0  ml )  was a d d e d ,  t h e  s o l u t i o n  n e u t r a l i z e d  
w i t h  d i l u t e  NaOH, a n d  t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  3 p o r ­
t i o n s  o f  CHCI3 , The e x t r a c t s  wer e  c o mb i n e d  and  t h e  p r o d u c t  
was e x t r a c t e d  i n t o  t h r e e  150- ml  p o r t i o n s  o f  d i l u t e  HC1.  A 
brown t a r ,  i n s o l u b l e  i n  d i l u t e  HC1,  CHCI3 , a n d  a c e t o n e ,  r e ­
m a i n e d  i n  t h e  s e p a r a t o r y  f u n n e l  a n d  was d i s c a r d e d .  The 
a q u e o u s  e x t r a c t s  wer e  c o mb i n e d  a n d  n e u t r a l i z e d  w i t h  K2 CO3 
t o  pH 9 and  e x t r a c t e d  w i t h  CHCI3 , The s o l v e n t  was r e mo v e d  
u n d e r  r e d u c e d  p r e s s u r e  g i v i n g  a d e n s e  brown o i l ,  4 , 1 8  g ,  
wh i c h  t e n d e d  t o  s o l i d i f y  u n d e r  c y c l o h e x a n e .  Thi n  l a y e r  c h r o -  
m a t o q r a p h y  d a t a  ( a l u m i n a )  i n d i c a t e d  t h a t  t h i s  s e m i s o l i d  was 
a m i x t u r e  o f  a t  l e a s t  two c o m p o n e n t s .  No s a t i s f a c t o r y  m e t h o d ,  
i n c l u d i n q  c h r o m a t o g r a p h y ,  c o u l d  be d e v i s e d  by whi ch  e i t h e r  
c o mp o n e n t  c o u l d  be p u r i f i e d .  I t  d i d  a p p e a r  t h a t  a t r e n d  
t o w a r d  a h i g h  m e l t i n g  p r o d u c t ,  mp 1 8 0 - 2 0 0 ° ,  a nd  a l o w e r  m e l t ­
i n g  s u b s t a n c e ,  mp 1 2 9 , 5 - 1 3 3 , 0 ° ,  c o u l d  be s e e n .
The h y g r o s c o p i c  h y d r o b r o m i d e  was p r e p a r e d ,  mp 1 1 7 - 1 3 0 °  
s o f t e n ,  1 6 0 - 1 6 2 °  d e c ,  wh i c h  a l s o  c o u l d  n o t  be p u r i f i e d .
I l l
The p i c r a t e  was f a r m e d ,  mp 1 7 2 - 1 7 8 °  d e c ,  A m o l e ­
c u l a r  w e i g h t  d e t e r m i n a t i o n  u s i n g  t h e  me t h o d  o f  Cu nn i ngha m,  
Dawson,  and S p r i n g  q a v e  £ a ,  150 f o r  t h e  f r e e  b a s e ,  and  
t h e r e f o r e  i n d i c a t e d  t h a t  t h e  p r o d u c t  was 31_ (MW 2 0 1 , 3 )  
r a t h e r  t h a n  C53 (MW 3 4 7 , 5 ) ,
P r o c e d u r e  B. D r o p - i n  T e c h n i q u e . I n  a g e n e r a l i z e d  
p r o c e d u r e ,  m e t h y l  ami ne  h y d r o c h l o r i d e  ( 6 , 9 5  g,  0 , 1 0 4  mol )  
and  4Cf£ a q u e o u s  f o r m a l d e h y d e  ( 25  ml ,  0 , 3  mo l )  we r e  d i s s o l v e d  
i n  1 1 a c e t i c  a c i d .  The s o l u t i o n  was h e a t e d  t o  1 0 0 ° ,  w i t h  
c o n t i n u o u s  s t i r r i n g  t h r o u g h o u t  t h e  c o u r s e  o f  t h e  r e a c t i o n .
To t h i s ,  o v e r  a p e r i o d  o f  3 , 0  h r ,  was a d d e d  d r o p w i s e  a s o l u ­
t i o n  o f  p - t e t r a l o n e  ( 1 5 , 0  q,  0 , 1 0 3  mol )  i n  50 ml a c e t i c  
a c i d .  The r e a c t i o n  f l a s k  was p r o t e c t e d  f rom d i r e c t  e x p o s u r e  
t o  l i g h t  t h r o u g h o u t  t h e  c o u r s e  o f  t h e  r e a c t i o n .  A f t e r  a l l  
o f  t h e  k e t o n e  had  been  a d d e d ,  an a l i q u o t  was r emoved  and  
s u b j e c t e d  t o  t h e  f B - t e t r a l o n e  b l u e  t e s t ,  A n e g a t i v e  t e s t  
i n d i c a t e d  c o m p l e t i o n  o f  t h e  r e a c t i o n .
The r e a c t i o n  f l a s k  was r e move d  f rom h Ba t  a nd  t h e  
s o l v e n t  r emoved  u n d e r  r e d u c e d  p r e s s u r e  w i t h  g e n t l e  s t e a m 
h e a t i n g ,  r e q u i r i n g  a b o u t  1 , 5  h r .  To t h e  l i g h t  o r a n g e  o i l  
was a d d e d  500 ml w a t e r  and  5 ml c o n c d  HC1,  The o i l  r e m a i n e d  
d i s p e r s e d  i n  t h e  w a t e r  l a y e r  and  c o u l d  n o t  be s e p a r a t e d .
The m i x t u r e  was  e x t r a c t e d  w i t h  1 0 0 - ml  p o r t i o n s  o f  CHCI3  u n ­
t i l  no more c o l o r  p a s s e d  i n t o  i t .  T h i s  l e f t  a p a l e  y e l l o w  
a q u e o u s  s o l u t i o n .  The f i r s t  c h l o r o f o r m  e x t r a c t  was e x t r a c t e d  
o n c e  wi t h  2 0 0  ml w a t e r  a nd  t h i s ,  i n  t u r n ,  by two 1 0 0 -ml  p o r ­
t i o n s  o f  CHCI3 , T h i s  p a l e  y e l l o w ,  s l i g h t l y  a c i d i c  s o l u t i o n
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was a d d e d  t o  t h e  a c i d  l a y e r  a b o v e .  The s o l u t i o n  was  f i l t e r e d  
and  t h e  d i s s o l v e d  c h l o r o f o r m  d r i v e n  o u t  w i t h  g e n t l e  h e a t i n g  
u n d e r  a s p i r a t o r  p r e s s u r e ,
ThB c l e a r  y e l l o w  s o l u t i o n  was t r a n s f e r e d  t o  a l a r g e  
b e a k e r ,  i c e  a d d e d ,  and  w i t h  c o n s t a n t  s t i r r i n g  t h e  s o l u t i o n  
was t a k e n  t o  pH 9 - 1 0  w i t h  Kj COj  s o l u t i o n ,  A l i g h t  t a n  s o l i d  
began  t o  form s l o w l y .  T h i s  m i x t u r e  was a l l o w e d  t o  c o o l  i n  
t h e  r e f r i g e r a t o r  f o r  s e v e r a l  h o u r s ,  g i v i n g  a l i g h t  t a n  m i c r o -  
c r y s t a l l i n e  s o l i d .  I t  was c o l l e c t e d  by f i l t r a t i o n ,  was hed  
w i t h  w a t e r ,  and  d r i e d  ( K j CO^ ) ,  y i e l d i n g  7 , 8 7  g ( 3 8 / £ ) j  mp 9 3 -  
9 6 ° ,  ( O t h e r  r e a c t i o n s  q a v e  1 1 - 5 6 ^  and  s i m i l a r  m e l t i n g  p o i n t  
r a n g e s  a t  t h i s  s t a g e , )
The c r u d e  p r o d u c t  was  d i s s o l v e d  i n  e t h a n o l - C H C l j  
( l t l ) ,  t r e a t e d  w i t h  N o r i t e ,  f i l t e r e d ,  a nd  t h e n  e l u t e d  t h r o u g h  
a s h o r t  col umn o f  F l o r i s i l  ( o r  a l u m i n a )  w i t h  CHCI3  t o  r emove  
some o f  t h e  p o l y m e r i c  m a t e r i a l  p r e s e n t .  The b a s e  ( 5  g)  was 
d i s s o l v e d  i n  h o t  m e t h a n o l j  a s ma l l  a mount  o f  i n s o l u b l e  ma­
t e r i a l  was s e p a r a t e d  and d i s c a r d e d .  Upon c o o l i n g ,  a l i g h t  
t a n  s o l i d  f o r m e d ,  30D mg; mp 1 8 5 - 1 9 6 °  d e c ,  wh i c h  was d i s ­
c a r d e d ,  R e d u c t i o n  o f  t h e  vo l ume  o f  t h e  s o l v e n t  on a h o t  
p l a t e ,  u n t i l  s o l i d  j u s t  b e g a n  t o  f o r m ,  f o i l  r*-ed by c o o l i n g ,  
gave  a l i q h t  t a n  s o l i d ,  1 , 6 0  g,  w h i c h ,  a f t e r  d r y i n g  a t  1 0 0 ° 
( 0 , 0 2  mm) f o r  4 h r ,  gave  mp 1 5 7 , 5 - 1 5 9 , 0 °  d e c .  An a n a l y t i c a l  
s a m p l e ,  r e c r y s t a l l i 2 ed f r om m e t h a n o l  a n d  d r i e d  a t  1 0 0 ° ( 0 , 1  
mm) f o r  20 h r ,  m e l t e d  a t  1 5 6 . 5 - 1 5 B . 5 0 dBC,
A n a l , C a l c d  f o r  C ^ H ^ N O t  C,  7 7 , 5 6 f  H, 7 , 5 3 ,
Found i  C,  7 7 . 3 3 t  H, 7 , 3 9 .
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I r  (CHCI 3 ) F i q ,  9* nmr (CDCI 3 ) F i g . l O j  uv ( c  3 , 6 2 x 1 0 ” ^ ,  
m e t h a n o l )  [nm ( £ ) 1  3 3 3 . 5  ( 5 9 2 ) ,  3 2 2 . 7  ( 5 3 2 ) ,  2 9 0 . 7  ( 1 2 1 5 ) ,
2 7 9 . 6  ( 1 4 7 0 ) ,  2 7 2 , 5  ( 1 5 6 0 ) ,  2 3 0 . 3  ( 1 3 3 0 0 ) .
T h i s  s u b s t a n c e  t e n d s  t o  decompos e  s l o w l y  upon  s t a n d ­
i n g ,  even i n  a  s e a l e d  c o n t a i n e r *  i t  c o u l d  n o t  be s t o r e d  f o r  
l o n g  p e r i o d s  o f  t i m e  a s  t h e  f r e e  b a s e .  The d e c o m p o s i t i o n  
p r o d u c t  i s  s p a r i n g l y  s o l u b l e  i n  mo s t  s o l v e n t s ,  w i t h  t h e  e x ­
c e p t i o n  o f  c h l o r o f o r m ,  and  e x h i b i t s  a mp n e a r  2 0 0 ° ,  I t  was 
n o t  c h a r a c t e r i z e d .
P i c  r a t e . The p i c r a t e  uuas p r e p a r e d  f rom e t h a n o l ,  
mp 172 . 5 - 1 7 3 , 5 ° *  m o l e c u l a r  w e i g h t ,  c a l c d  2 0 1 , 3 ,  f o u n d  2 0 1 ,  
H y d r o c h l o r i d e . The h y d r o c h l o r i d e  was  p r e p a r e d  by 
p a s s i n q  h y d r o g e n  c h l o r i d e  t h r o u g h  a s o l u t i o n  o f  t h e  b a s e  i n  
e t h e r - T H F  or  THF and  m e l t e d  a t  1 9 9 - 2 0 4 °  d e c .  The s a l t ,  p u r i ­
f i e d  by d i s s o l u t i o n  i n  e t h a n o l  f o l l o w e d  by p r e c i p i t a t i o n
□ .
w i t h  e t h e r ,  qa ve  mp 2 0 7 , 0 - 2 0 3 , 5  dec* nmr ( 0 2 0 ) 2 , 4 5  p o o r l y  
r e s o l v e d  d o u b l e t  (N-CH3 ) ,  c a ,  7 . 1  b r o a d  ( p h e n y l ) ,  4 , 3 0  s i n q -  
l e t  (DOH) ppm.  The r e m a i n d e r  o f  t h e  s p e c t r u m ,  a s e r i e s  of  
b r o a d ,  n o n - r e s o l v e d  p e a k s ,  c o u l d  n o t  be  i n t e r p r e t e d .  I n ­
s p e c t i o n  o f  t h e  i n t e g r a t i o n  s h o we d ,  f o r  r e l a t i v e  a r e a s ,  
p h e n y l j n o n - a r o m a t i c 1 4 i l 0 , 5  ( c a l c d  4 j l l ) ,  The a r e a  u n d e r  
t h e  DOH p e a k  i n t e g r a t e d  f o r  5 , 1  H. The s o l v e n t ,  u s i n g  i d e n ­
t i c a l  s e t t i n g s  on t h e  i n s t r u m e n t ,  showed a s m a l l  s p i k e  a t
4 , 5  ppm ( 0 , 1  H) i n d i c a t i n g  t h a t  t h e  DOH p e a k  r e p r e s e n t s  n o t  
o n l y  t h e  HC1 p r o t o n  b u t  a l s o  two w a t e r s  o f  h y d r a t i o n .
T h i s  s a l t ,  h e a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  t e n d e d  
t o  g i v e  l o w e r  d e c o m p o s i t i o n  p o i n t s  of  i n c r e a s e d  r a n g e ,  A
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minimum v a l u e  o f  1 8 6 . 0 - 1 8 7 , 5 °  dec  was o b t a i n e d  by h e a t i  a t  
100°  ( 0 . 0 2  mm) Fo r  2 4 - 3 6  h r .
Li f l l HA R e d u c t i o n  o f  31 t o  3 - M e t h y 1 - 6 , 7 - b e n z o - 3 - a z a -  
b i c y c l o [ ] 3  ,3 ,1 " ] n o n e n - 9 - o l , The f r e e  ami ne  (31_) ( 2 . 8 5  g ,  0 , 0 1 4  
mol )  was d i s s o l v e d  i n  100 ml d r y  THF, t r e a t e d  w i t h  4 g L i Al H^ ,  
a n d  t h e  m i x t u r e  h e a t e d  t o  r e f l u x  f o r  5 , 5  h r .  The e x c e s s  
h y d r i d e  was de co mp o s e d  w i t h  a l c o h o l  and t h e  waxy s o l i d  r e ­
moved v i a  F i l t r a t i o n ,  The  f i l t r a t e  was t r a n s f e r e d  t o  a 
s e p a r a t o r y  f u n n e l ,  1 0 0  ml e a c h  o f  w a t e r  and  e t h e r  a d d e d ,  
and t h e  p r o d u c t  e x t r a c t e d  i n t o  t h e  e t h e r  l a y e r .  The o r g a n i c  
l a y e r  was wa s h e d  wi t h  w a t e r  and  d r i e d  (MgSO^) .  The d r y i n g  
a g e n t  was r e mo v e d  by f i l t r a t i o n ,  a n d  t h e  s o l v e n t  was r emoved  
u n d e r  r e d u c e d  p r e s s u r e ,  y i e l d i n g  2 , 8  g ( 9 0 $ )  o f  s o l i d j  mp 
1 4 8 . 5 - 1 5 1 , 0 °  a f t e r  r e c r y s t a l l i z a t i o n  f rom CH3 OH-H2 O.
T h i s  s u b s t a n c e  e x h i b i t e d  a f a i n t  a m i n e - l i k e  o d o r ,
I r  ( m u l l )  3300 b r o a d  ( OH) ,  1450 ,  1 2 6 0 ,  1055 ( 2 °  OH),  755 vs  
( d i s u b ,  p h e n y l )  cm"^«
T o s v l a t e . To a c o o l e d  p y r i d i n e  s o l u t i o n  o f  t h e  a bove  
a l c o h o l  ( 1 , 7 6  g ,  D.0D87 mo l )  i n  an  i c e  b a t h ,  was a d d e d  t o s y l  
c h l o r i d e  ( 1 , 8 2  g ,  0 . 0 0 9 6  mo l )  o v e r  a p e r i o d  o f  0 , 5  h r .  A f t e r  
3 , 3  h r ,  t h e  r e a c t i o n  was q u e n c h e d  by p o u r i n g  i t  i n t o  i c e  
w a t e r .  The b r i g h t  y e l l o w  s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  
wa s h e d  w i t h  w a t e r ,  and d r i e d ,  2 . 0 7  g ( 6 7 $ ) ,  A f t e r  d r y i n g  
a t  1 00°  ( 0 , 1  mm) f o r  3 h r  i t  m e l t e d  a t  1 6 2 - 1 7 2 °  d e c j  i r  ( m u l l )  
3400  w (OH o r  H j O ) ,  1 3 5 0 ,  1175 ,  a n d  678 ( t o s y l a t e )  ctn"^.
Sodium f u s i o n  t e s t  qave a p o s i t i v e  l e a d  a c e t a t e  
t e s t  ( s u l f u r ) .  The s u b s t a n c e  was  u s e d  w i t h o u t  f u r t h e r  p u r i ­
f i c a t i o n  i n  t h e  n e x t  s t e p .
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A t t e m p t e d  P r e p a r a t i o n  o f  3 - M e t h y l - 6 , 7 - b e n z o - 3 - a z a -  
b l c y c l o [ ] 3 , 3 .  l l n o n e n e  ( ! ? ) » The c r u d e  t o s y l a t e  ( 1 , 9 2  g ,  
5 , 3 x 1 0 “ ^ mo l )  uias s u s p e n d e d  i n  100 ml d r y  THT,  To t h i s  was 
a d d e d  e x c e s s  Li Al H^  a n d  t h e  m i x t u r e  h e a t e d  t o  r e f l u x  f o r  1 h r .  
The e x c e s s  h y d r i d e  was d e s t r o y e d  w i t h  m e t h a n o l ,  f o l l o w e d  by 
w a t e r ,  and  t h e  p r e c i p i t a t e  r emoved  by f i l t r a t i o n .  The p r o ­
d u c t  was e x t r a c t e d  i n t o  e t h e r  a n d  was hed  w i t h  w a t e r ,  f o l ­
l o we d  by s a t u r a t e d  N a C l .  The p a l e  y e l l o w  e t h e r  s o l u t i o n  
was d r i e d  (MgSG^) and  t h e  s o l v e n t  r emoved  u n d e r  r e d u c e d  p r e s ­
s u r e  y i e l d i n g  a y e l l o w  s o l i d ,  0 , 5 8  g (58%)} t h e  i r  ( m u l l )  
showed no a b s o r p t i o n  f rom 3 1 0 0 - 4 0 0 0  cm“ ^ ,
R e c r y s t a l l i z a t i o n  f rom m e t h a n o l  gave  a p r o d u c t  
m e l t i n g  a t  1 5 8 , 0 - 1 5 9 , 5 ° }  i r  ( m u l l )  3020 w ( a r o m a t i c ) ,  759 
( o r t h o - d i s u b , p h e n y l )  cm- ^;  uv ( c  2 , 9 x l 0 - 4 , CH3 OH1HCI)
[nm (€ ) ]  3 2 4 , 3  ( 2 6 3 ) ,  316 i n f  ( 2 7 1 ) ,  290  i n f  ( 9 5 0 ) ,  2 7 3 , 9  
( 1 3 8 5 ) ,  267 ( 1 4 0 0 ) ,  2 2 8 , 5  ( 4 6 0 0 ) ,  216 i n f  ( c a .  4 0 0 0 ) ,  The 
i n f l e c t i o n  a t  290 nm i s  p r o b a b l y  due  t o  u n r e a c t e d  k e t o n e  
( 31 . ) .  T h i s  s a mp l e  g a v e  a m e a n i n g l e s s  e l e m e n t a l  a n a l y s i s }  
t h e  q u a n t i t y  o f  t h e  r e m a i n i n g  s a m p l e  was t o o  m i n u t e  t o  p u r i f y  
f u r t h e r ,
A t t e m p t e d  P r e p a r a t i o n  o f  2 * - M e t h o x y - 3 - m e t h y l - 6 , 7 -  
b e n z o - 3 - a z a b i c y c l o [ 3 , 3 , l ] n o n e n - 9 - o n e  (3^ ) .  The b i s u l f i t e  
a d d u c t  a b o v e  ( 9 , 3  g,  0 , 0 3  mo l )  was t r e a t e d  w i t h  a q u e o u s  
K2 CO3  and t h e  f r e e  k e t o n e  3£ d i s s o l v e d  i n  e t h B r ,  A c e t i c  
a c i d  ( 50  ml )  was  a d d e d  and t h e  e t h e r  r e move d  u n d e r  r e d u c e d  
p r e s s u r e .  T h i s  s o l u t i o n  was a d d e d  d r o p w i s e  o v e r  a p e r i o d  
o f  1 , 5  h r  t o  a s o l u t i o n  o f  m e t h y l a m i n e  h y d r o c h l o r i d e  ( 2 , 4 8  g ,
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0 , 0 3 7  m a l )  and  40/S f o r m a l d e h y d e  (9  ml ,  0 , 1 0  mo l )  i n  400  ml 
a c e t i c  a c i d ,  m a i n t a i n i n g  t h e  t e m p e r a t u r e  a t  9 5 - 1 0 5 ° ,
F o l l o w i n g  a wo r k - u p  p r o c e d u r e  s i m i l a r  t o  t h a t  d e s ­
c r i b e d  f o r  3 d ,  t h e r e  was o b t a i n e d  2 , 1  g o f  a l i g h t  y e l l o w  
s o l i d ,  mp 1 4 2 - 1 5 2 ° ,  The i n f r a r e d  s p e c t r u m  ( m u l l )  showed 
no b a n d s  f o r  e i t h e r  t h e  p h e n y l  or  c a r b o n y l  g r o u p s ,  a n d  t h e  
nmr (CDCI3 ) f a i l e d  t o  e x h i b i t  s i g n a l s  f o r  t h e  a r o m a t i c  p r o ­
t o n s ,  The s u b s t a n c e  was n o t  f u r t h e r  c h a r a c t e r i z e d .
R e s o l u t i o n  o f  3 - | V ) e t h y l - 6 , 7 - b e n z o - 3 - a z a b i c y c l o [ 3 . 3 . 1 ~ ) - n o n e n -  
9 - o n e  ( 3 1 )
( + ) - C a m p h o r - l D - s u l f o n i c  Ac i d  a s  R e s o l v i n g  A g e n t , 
Racemi c  3_1 ( 2 , 1 6  g ,  0 , 011  m o l )  was d i s s o l v e d  i n  e t h e r  c o n ­
t a i n i n g  a l i t t l e  THF j a s m a l l  amount  o f  i n s o l u b l e  m a t e r i a l  
was r emoved  by f i l t r a t i o n .  To t h i s  was a d d e d  a s a t u r a t e d  s o ­
l u t i o n  o f  ( + ) - c a m p h o r - l 0 - s u l f o n i c  a c i d  u n t i l  no more  p r e c i ­
p i t a t e  f o r m e d .  The t a n  s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  
washed  w i t h  e t h e r ,  and  d r i e d ,  g i v i n g  2 , 4 7  g (54"a) o f  s a l t  
m e l t i n g  a t  1 7 6 - 1 7 8 °  dec i  nmr (CDCl^)  ca_. 7 . 7 5  b r o a d  s i n g l e t  
( 4 . 0  H, p h e n y l ) ,  0 , 7 9  and 1 . 0 5  s i n g l e t s  ( 6 , 0  H, gem- d i m e t h y l ) 
ppm.  The r e m a i n d e r  o f  t h e  s p e c t r u m ,  a p p e a r i n g  a s  a s e r i e s  
o f  b r o a d  p e a k s  b e t w e e n  1 , 2 - 5 , 0  ppm, c o u l d  n o t  be i n t e r p r e t e d .  
The t o t a l  i n t e g r a t i o n  was mor e  r e v e a l i n g j  c a l c d  f o r  
^ 2 3 ^ 3 1 ^ 5 ^ 1 r a t i o  ° f  a r o m a t i c  i n o n - a r o m a t i c  p r o t o n s ,  4 i 2 7 ,  
Foundi  4 i 2 8 .  Vi a  an a c i d - b a s e  w o r k - u p ,  C£.  1 g o f  f r e e  
b a s e  was r e c o v e r e d  f rom t h e  m o t h e r  l i q u o r .
No s o l v e n t  c o u l d  be f o u n d  f rom wh i c h  t h i s  s u b s t a n c e  
c o u l d  be r e c r y s t a l l i z e d i  d a r k  o i l s ,  o r  s e m l s o l i d  o i l s ,  were
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o b t a i n e d  i n  a l l  c a s e s .  I n  some i n s t a n c e s ,  s m a l l  d i f f e r e n c e s  
i n  t h e  s p e c i f i c  r o t a t i o n s  c o u l d  be o b s e r v e d ,  b u t  i n  o n l y  one  
c a s e  c o u l d  o b s e r v a b l e  r o t a t i o n s  ( < 0 , 1 ° )  be m e a s u r e d  i n  a 
s a mp l e  o f  t h e  f r e e  b a s e .
R e s o l u t i o n  Vi a  (+ ) - T a r t a r i c  A c i d . Racemi c  31_ ( 4 , 2 9  g,  
0 , 0 2 1  m o l )  was d i s s o l v e d  i n  a c e t o n e  and a s a t u r a t e d  s o l u t i o n  
o f  ( + ) - t a r t a r i c  a c i d  i n  a c e t o n e  was a d d e d  d r o p w i s e  u n t i l  no 
more s o l i d  f o r m e d .  The p r o d u c t  was c o l l e c t e d  by f i l t r a t i o n ,  
was hed  w i t h  a c e t o n e ,  a nd  d r i e d ,  y i e l d i n g  2 , 0  g o f  s a l t j  mp 
1 3 7 - 1 4 3 ° ,  Upon s t a n d i n g ,  t h e  m o t h e r  l i q u o r  g a v e  a n o t h e r  c r o p  
o f  s o l i d ,  0 , 9  g ,  m e l t i n g  a t  1 2 7 - 1 4 3 ° ,  R e d u c t i o n  o f  t h e  vol ume 
o f  t h e  m o t h e r  l i q u o r  g a v e  a t h i r d  c r o p  o f  s a l t ,  1 , 0  g ,  m e l t i n g  
a t  1 1 6 - 1 5 0 ° ,  A d d i t i o n  o f  e t h e r  t o  t h e  m o t h e r  l i q u o r  ga ve  a 
f o u r t h  c r o p  o f  s o l i d ,  2 . 3  g ,  e x h i b i t i n g  mp 9 0 - 1 0 4 ° j  c o mb i n e d  
y i e l d  6 . 2  g ( 8 6 ^ ) ,
The s p e c i f i c  r o t a t i o n s  o f  t h e s e  we r e  d e t e r m i n e d  i n  a 
1 dm c e l l  a t  2 6 ° .
Cr op  I . ( £  2 . 2 5 ,  H20 ) ,  C 0 ^ 5 7 8  + 9 . 3 ° *  +8*4°*
t > l 436 + 1 ^ . 2 ° ,  O l 4 05 + 1 3 . 8 ° .
Cr op  I I . ( £  3 , 9 ,  H2 C ) ,  £ **^570 + 8 . 4 ° ,  + 8 , 4  ,
[ a "U36 + 13°» C^^405  +1 A°»
Cr op I I I , ( c  1 , 8 6 ,  H20 ) ,  [ a ] 57Q + 1 6 ° ,  [ o 1 5 4 6  +2 7 ° ,
^ 4 3 6  + 4 0 °* +4 0 ° »  C ° l 3 6 5  +3B°*
Crop I V . ( c  1 . 2 4 ,  H2 0 ) .  0 1 5 7 b + 1 6 ° ,  [ e ] 546 +12° ,
£ ^ 4 3 6  + 2 0 ° f  [ 0 I 4 0 5  + 2 0 ° *
( + ) - t a r t a r i c  a c i d , ( c  2 , 2 6 ,  H20 ) .  [ 01I 5 7 3  + 2 2 ° ,
Eff"^546 +27°» C ° 1 a36 +40°» [ ° " U o5 +40°* C ° ] 3 6 5  +6 7 ° .
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P u r i f i c a t i o n  o f  C r o p  I I I , The s a l t ,  1 , 0  g,  was 
l e a c h e d  w i t h  b o i l i n g  a c e t o n e  a nd  t h e  y e l l o w  s o l u t i o n  d e ­
c a n t e d  f rom t h e  r e m a i n i n g  s o l i d .  T h i s  was r e p e a t e d  f i v e  
t i m e s ,  l e a v i n g  300 mg o f  r a c e m i c  s a l t .  The s i x  a c e t o n e  
s o l u t i o n s  we r e  c o m b i n e d ,  a l l o w e d  t o  c o o l ,  a n d  t h e  s m a l l  amount  
o f  r a c e m i c  m a t e r i a l  whi ch  c r y s t a l l i z e d  f rom s o l u t i o n  was r e ­
moved by f i l t r a t i o n .  A f t e r  r e d u c t i o n  o f  t h e  vo l ume  t h e  s o l u ­
t i o n  d e p o s i t e d  1 1 0  mg o f  ( + ) - 3 1 ■t a r t r a t e ;  mp 1 4 6 , 5 - 1 4 8 , 0 ° j 
r o t a t i o n s  (c  ^ 0 , 8 5 ,  I^Qt 2 6 a ) t  t ® l 5 7 Q +31a , C ® l s 4 g +32 ,
+ 5 7 ° ,  CC1' ”14 q 5  + 6 8 ° ,  C ^ ^ g g  + 0 1 ° »
R e g e n e r a t i o n  o f  ( +  ) - 3 1 . The f r e e  b a s e ,  ( + ) - 3 1 , was 
r e g e n e r a t e d  by d i s s o l v i n g  t h e  s a l t  i n  2 , 0  ml  H2 O and a d d i n g  
s a t u r a t e d  Na2 C0 3  u n t i l  pH 10 was a t t a i n e d .  The  r e s u l t i n g  
t a n  s o l i d  was t r a n s f e r e d  t o  a c e n t r i f u g e  t u b e  and  a f t e r  c e n ­
t r i f u g a t i o n ,  t h e  l i q u i d  was d e c a n t e d  and t h e  s o l i d  wa s h e d  
w i t h  w a t e r .  The m i x t u r e  was  r e - c e n t r i f u g e d  a n d  t h e  p r o c e s s  
r e p e a t e d  u n t i l  t h e  wash w a t e r  g a v e  no r e a c t i o n  t o  t e s t  p a p e r .  
The s o l i d  was d i s s o l v e d  i n  CHCI3 , wa s h e d  w i t h  w a t e r ,  a n d  t h e  
amber  s o l u t i o n  d r i e d  ( l ^ C O ^ ) .  F i l t r a t i o n  t h r o u g h  a p a d  o f  
g l a s s  wool  g a v e  a c l e a r  o r a n g e  s o l u t i o n ,  w h i c h ,  a f t e r  e v a ­
p o r a t i o n  of  t h e  s o l v e n t ,  l e f t  a g l a s s y  s o l i d  whi ch  was 
c r u s h e d ,  was hed  w i t h  a l i t t l e  l i g r o i n ,  and  d r i e d ,  g i v i n g  
59 mg o f  (+ ) - 3 1 1 mp l l l - 1 1 4 ° j  i r  (CHCI 3 ) i d e n t i c a l  t o  r a c e ­
mic 31  ^ ( F i g ,  9 ) 1  r o t a t i o n s  ( £  1 , 0 5 ,  CH3 OH.HCI)  C o I s y q  + 2 5 ° ,  
[ ^ 1 5 4 6  +2 3 ° ,  C0 "1436 +29°»  C^ ”14 0 5  + 3 B° i  C°"l365 + 43° l  a n d  
( £  0 , 0 7 3 ,  EPA) + 1 1 * 7 ° ,  Q o r ^ 7 g +12° ,  Corl 5 4 g + 1 4 , 5 ° ,
M 436 +29°* Co 1 405 +39°» M 3 6 5  +66° <Cary 6D>’
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P u r i f i c a t i o n  o f  T a r t r a t e  S a l t  ( C r o p  I ) . Cr o p  I a b o v e  
was l e a c h e d  t h r e e  t i m e s  w i t h  b o i l i n g  a c e t o n e .  The r e m a i n i n g  
s o l i d  was d i s s o l v e d  i n  b o i l i n g  e t h a n o l ,  a nd  a s m a l l  amount  
o f  i n s o l u b l e  m a t e r i a l  was r e mo v e d  by f i l t r a t i o n .  The c l e a r  
y e l l o w  s o l u t i o n  was r e d u c e d  i n  vo l ume  t o  50 ml a n d  h o t  a c e ­
t o n e  c a r e f u l l y  a d d e d  u n t i l  f a i n t  c l o u d i n e s s  a p p e a r e d .  Upon 
c o o l i n g ,  a c r o p  o f  t a n  n e e d l e s  ( 0 , 5 5  g ) ,  mp 1 1 5 - 1 1 7 ° ,  was 
o b t a i n e d .
R o t a t i o n s . ( £  0 , 1 5 ,  ^ 0 ,  2 7 ° ) .  [ 0 5 ) 7 9  - 1 . 3 ° ,
^ ^ 5 4 6  + 5 , 4 °»  ^n^436 + 8 *3 °* C « l 4 0 5  +14°*
The s a l t  was r e c r y s t a l l i z e d  onc e  more f rom e t h a n o l -
a c e t a n e ,  g i v i n g  t a n  n e e d l e s  ( 3B0  mg) m e l t i n g  a t  1 2 0 - 1 2 5 ° ,
I s o l a t i o n  o f  ( - ) - 3 l . The f r e e  b a s e ,  ( - ) - . 3 1 ,  was i s o ­
l a t e d  and  r e g e n e r a t e d  i n  t h e  same manne r  a s  t h e  ( + ) - i s o m e r ,  
y i e l d i n g  150  mg ( 7  0/S) f mp 1 3 5 , 0 - 1 3 8 , 5 °  d e c j  i r  (CHCI 3 ) i d e n ­
t i c a l  w i t h  F i g ,  9 ,
R o t a t i o n s . ( £  0 , 0 5 5 ,  EPA) ,  [ 0 1 5 7 9  - 6 . 5 ° ,  [ 0 I 5 4 5  - 7 ° ,
M 4 3 6  • 1 3 ° ’ - 1 3 - 5°* M 3 6 5  - 2 6 ° ( C a r >' 6 0 ) l
U l t r a v i o l e t  S p e c t r a . The uv s p e c t r a  a p p e a r e d  t o  
be  s o l v e n t  and  c o n c e n t r a t i o n  d e p e n d e n t  ( F i g ,  11)*
A. ( c  5 . 4 3 x 1 0 “ ^ ,  EPA) [nm ( O l  3 3 1 . 5  ( 5 6 4 ) ,  3 1 6 . 8  
( 5 9 3 ) ,  290  sh ( 1 1 7 0 ) ,  2 7 8 . 5  s h  ( 1 5 7 0 ) ,  260  ( 1 6 4 0 ) .
B.  ( £  1 . 5 5 x l 0 “ 4 , CH3 0H+HC1 ( t r a c e ) )  [nm ( € ) ]  331
( 5 7 4 ) ,  3 1 5 . 5  ( 4 8 7 ) ,  290  ( 1 1 4 0 ) ,  277 ( 1 1 6 0 ) ,  2 6 7 . 5  ( 1 5 0 0 ) .
( £  7 , 7 6 x l 0 " 5 , CH3 OH+HCI ( t r a c e ) )  [nm ( € ) ]  290
( 1 1 8 0 ) ,  2 6 7 . 5  ( 1 4 8 0 ) ,  2 3 0 , 5  ( 1 2 7 0 0 ) .
C.  ( c  l , 7 1 x l 0 “ 3 , CH3 0H+HC1 ( t r a c e )  + K2 C03  ( s l i g h t  x s ) )
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4
[nm (* ) ]  360 sh  ( 2 7 B ) ,  330 ( 5 6 7 ) ,  3 1 7 . 5  ( 6 2 7 ) .
( c  3 , 4 2 x l 0 " 4 , CH3 0H+HC1+K2 C03 ( x s )  ) [nm (6 ) ]
360 i n f  ( 1 4 6 ) ,  330  ( 2 9 8 ) ,  217 ( 3 2 4 ) ,  292 sh ( 6 3 1 ) ,  279 sh 
( 7 5 7 ) ,  272 sh ( 8 1 8 ) ,  265 i n f  ( 8 7 0 ) ,  230 ( 5 0 4 0 ) ,  203 ( c a .  
I , 5 x l 0 4 . The d i s c r e p a n c i e s  h e r e  a r e  n o t  due  t o  d i l u t i o n  
o r  c a l c u l a t i o n  e r r o r s  b u t  seem t o  r e f l e c t  some p h y s i c a l  o r  
c h e m i c a l  phenomenon)  t h i s  may be h e m i k e t a l  o r  k e t a l  f o r m a ­
t i o n  ,
D. ( c  2 . 6 3 x l 0 “ 3 , H2 0+HC1 ( t r a c e ) )  [nm (f )1 3 2 9 . 5  
sh  ( 1 6 8 ) ,  321 ( 1 8 7 ) ,  314 ( 1 9 0 ) ,  307 i n f  ( 1 9 4 ) ,  290 sh ( 3 6 9 ) ,
2 7 5 . 5  sh  ( 5 1 0 ) ,  271 sh ( 5 4 0 ) ,  266 ( 5 6 0 ) ,  225 ( 5 9 0 0 ) ,  194 
( 2 0 6 0 0 ) .  ( The  l a s t  tuio v a l u e s  wer e  d e t e r m i n e d  a t  c 2 , 3 x 1 0 “ ^ , )
O p t i c a l  R o t a t o r y  D i s p e r s i o n  S p e c t r a . Ord s p e c t r a  
were  d e t e r m i n e d  f o r  b o t h  i s o m e r s  i n  EPA a n d  a c i d i c  m e t h a n o l .
I n  a d d i t i o n ,  t h e  s p e c t r u m  o f  t h e  ( + ) - i s o m e r  was d e t e r m i n e d  
i n  b a s i c  m e t h a n o l  s o l u t i o n )  d i l u t i o n s  we r e  made when n e c e s ­
s a r y .  Da t a  a r e  r e p o r t e d  a s  nm ( [ f H ) .
C i r c u l a r  D i c h r o i s m  S p e c t r a . Cd s p e c t r a  wer e  d e t e r ­
mi ned  o f  b o t h  i s o m e r s  i n  t h e  s o l u t i o n s  u s e d  a b o v e .  D a t a  a r e  
r e p o r t e d  a s  nm ( [ 0 *]),
(+ ) - 3 - ( V) e t h y l - 6 , 7 - b e n z o - 3 - a z a b i c  yc l o [  3 . 3  , l ~1 n o n e n - 9 -  
one ( + ) - 3 1 .
CD (c  3 , 6 4 x 1 Q"4 , EPA) t 335 ( 0 ° ) ,  315 sh ( + 3 9 1 ° ) ,
312 sh ( + 4 0 2 ° ) ,  3 0 4 . 5  ( + 5 7 2 ° ) ,  298 ( + 5 2 4 ° ) ,  294 ( + 5 3 0 ° ) ,
2 8 2 . 5  ( + 1 3 3 ° ) ,  281 ( 0 ° ) j  ( c  7 . 2 8 x 1 0 - 5 ) i  298 ( + 5 4 0 ° ) ,  281 ( 0 ° ) ,
275 ( - 4 5 2 ° ) ,  260  ( 0 ° )  | ( c  1 . 4 6 x l 0 “ 6 ) t  255 ( 0 ° ) ,  253 ( 0 ° ) ,
240 ( + 1 7 6 0 0 ° ) ,  235 ( + 1 6 5 0 l f ) .  F i g .  1 2 .
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RD ( c  l . B O x l O " 3 , EPA):  600  ( + 2 1 ° ) ,  5B9 ( + 2 3 . 5 ° ) ,
546 ( + 2 9 ° ) ,  355 ( + 1 5 5 ° ) ;  ( c  1 . 8 0 x l 0 “ 4 ) :  375 ( + 1 0 6 ° ) ,
310 ( + 5 2 5 ° ) ,  312 i n f  ( + 3 6 8 ° ) ,  3 0 7 , 5  i n f  ( + 3 2 3 ° ) ,  2 9 9 . 5  ( 0 ° ) ,
285 ( - 4 8 0 ° ) j ( c  3 . 6 1 x l 0 “ 5 ) :  299 ( 0 ° ) ,  262 ( - 7 2  0 ° ) ,  269 ( 0 ° ) ,
2 4 2 . 5  ( + 5 0 0 ° ) ,  F i g .  1 2 .
CD ( c  3 . 4 4 x l 0 - 4 , CH-jOH t HC1 ) t 325 ( 0 ° ) ,  320 ( + 1 6 ° ) ,
300 ( 0 ° ) ,  295 ( 0 ° ) ,  275 ( - 7 0 ° ) ,  260  ( - 1 0 ° ) *  ( c  6 . 8 8 x l Q - 5 ):
255 ( - 1 8 7 ° ) ,  2 3 2 . 5  ( - 6 2 0 ° ) ,  2 2 2 . 5  ( 0 ° ) ,  220  ( + 2 0 0 ° ) .
CD ( c  3 , 4 4 x 1 0 ” ^ ,  CH3 0HiHC1 + K2 C03 ) :  327 ( 0 ° ) ,
2 9 7 . 5  ( + 6 5 6 ° ) ,  278 ( 0 ° ) ,  270 ( - 1 7 1 ° ) t  ( c  6 . 8 8 x l G " 5 ) :  298 ( 0 ° ) ,
275 ( - 8 2 2 ° ) ,  265 ( - 9 6 6 ° ) ,  235 ( - 2 0 7 0 ° ) ,  220 ( 0 ° ) .  F i g .  13 .
RD ( c  1 . 7 1 x l 0 “ 4 , CH3 0HiHC1 + K2 C03 ) i  400 ( + 7 7 ° ) ,
3 7 2 . 5  ( + 1 1 7 ° ) ,  360 ( + 8 7 ° ) ,  3 1 7 . 5  ( + 4 4 2 ° ) ,  2 9 8 , 5  ( 0 ° ) ,
283 ( - 6 0 5 ° ) ,  275 ( - 4 2 0 ° ) j  ( c  3 . 4 2 x l 0 “ 5 ) :  3 3 0  ( + 8 2 ° ) ,
305 ( 0 ° ) ,  282 {- 5 B 5 ° ) ,  270 ( 0 ° ) ,  2 5 2 . 5  ( + 3 7 4 ° ) ,  242 ( 0 ° ) ,
230 ( + 1 7 6 0 ° ) .  F i g .  14 .
CD ( c  3 . 4 4 x l 0 - 5 , H20 * HC1)  i 240 ( 0 °  ) , 2 2 2 . 5  ( - 1 4 0 0 ° ) ,  
220  ( 0° ) .
CD ( c  3 . 4 4 x l 0 “ 5 , H2 0:HC1 + K2 C03 ) :  2 7 2 , 5  ( 0 ° ) ,
250 ( - 1 8 0 0 ° ) ,  2 4 7 . 5  ( - 1 7 6 0 ° ) ,  232 , 5  ( - 2 8 2 0 ° ) ,  217 ( 0 ° ) ,
210 (+11 DO0 ) ,
( —) —3 —W e t h y l - 6 , 7 -  b e n z o - 3 - a z a b l  c y c l o p  3 . 3 ,  l " | n o n e n -  
9 - o n e  ( - ) - 3 1 .
CD ( c  5 . 46xlO**4 , EPA):  332 ( 0 ° ) ,  302 ( - 2 7 0 ° ) ,
299 ( - 2 3 0 ° ) ,  295 ( - 2 6 0 ° ) ,  275 ( 0 ° ) ,  265 ( + 1 2 0 ° ) ,  248 ( 0 ° ) .
T h i s  s p e c t r u m  g i v e s  o n l y  f a i r  a g r e e m e n t  u i i t h  t h a t  
d e t e r m i n e d  f o r  t h e  ( + ) - i s o m e r .  A f t e r  a l l  t h e  s p e c t r a  had
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b e e n  d e t e r m i n e d ,  i t  became a p p a r e n t  t h a t  t h e  i n s t r u m e n t  h a d  
g i v e n  e r r o n e o u s  b a s e l i n e s  f o r  two s e p a r a t e  d e t e r m i n a t i o n s  o f  
t h i s  c u r v e .  The d a t a  h e r e  a r e  c o r r e c t e d  a s  w e l l  a s  p o s s i b l e  
on t h e  b a s i s  o f  t h e  o t h e r  s p e c t r a  d e t e r m i n e d  f o r  t h i s  i s o m e r .
RD ( c  1 , 3 6 x 1 0 “ ^,  EPA) i 589 ( - 7 ° ) ,  540 ( - 1 3 . 2 ° ) ,
360 ( - 6 1 ° )  i ( c  5 . 4 3 x l 0 " 5 ) t 360 ( - 7 0 ° ) ,  3 2 2 , 5  ( - 1 5 9 ° ) ,
315 i n f  ( - 1 3 6 ° ) ,  295 ( 0 ° ) ,  205 ( + 1 2 9 ° ) ,  270 ( 0 ° ) ,  2 6 7 , 5  i n f  
( - 2 4 0 ° ) ,  250 ( - 3 7 0 ° ) ,  2 4 7 . 5  ( - 5 5 0 ° ) ,
S p e c t r a l  D a t a  o f  t h e  6 , 7 - ? e n z o m o r p h a n s  (7_)
U l t r a v i o l e t  S p e c t r a  o f  t h e  Re n z o mo r p h a n s  ( 7 ) . The 
s p e c t r a  were  a l l  o b t a i n e d  i n  m e t h a n o l  , The i n i t i a l  s o l u t i o n s  
( c  3 , 4 x 1 0 “ ^ t o  1 , 3 x 1 0 “ ^ m o l / l )  were  d i l u t e d  when n e c e s s a r y .  
A f t e r  t h e  s p e c t r a  had  been  d e t e r m i n e d ,  t h e  s o l u t i o n s  o f  t h e  
f r e e  b a s e s  we r e  a c i d i f i e d  by a d d i t i o n  o f  one d r o p  o f  c o n c d  
HC1 , S o l u t i o n s  o f  t h e  h y d r o b r o m i d e s  wer e  made b a s i c  by t h e  
a d d i t i o n  o f  one  dr op  o f  ammonia s o l u t i o n .  Hence t h e  s p e c t r a  
o f  b o t h  t h e  f r e e  b a s e  a nd  t h e  s a l t  wer e  o b t a i n e d  f o r  a l l  com­
p o u n d s  f rom 3 0 0 - 2 0 0  nm, The d a t a  a r e  p r e s e n t e d  be l o w a s  
nm ( £ ) .
O p t i c a l  R o t a t o r y  D i s p e r s i o n  5 p e c t r a  o f  t h e  Be n z o -  
mo r p h a n s  ( 2 ) . The o r d  s p e c t r a  were  o b t a i n e d  u t i l i z i n g  t h e
a n
s o l u t i o n s  a b o v e  f rom 3 5 0 - 2 1 0  nmj c 3 , 4 x 1 0 ” t o  1 , 3 x 1 0 ” m o l /  
100 ml* d i l u t e d  when n e c e s s a r y .  The s p e c t r a  o f  b o t h  
t h e  h y d r o h a l i d e  s a l t s  a n d  t h e  f r e e  b a s e s  were  o b t a i n e d .
I n  a d d i t i o n ,  t h e  s p e c t r a  were  o b t a i n e d  f o r  t h e  compounds  
as  s u p p l i e d  on a Rudo l ph  R e c o r d i n g  5 p e c t r o p o l a r i m e t e r ,  
d e n o t e d  ( R ) ,  f rom 611 t o  240 nmi i n i t i a l  c o n c n  1 , 1  t o
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6 , 7 x l G “ 4  m o l / 1 0 0  m l .  The r e s u l t s  o f  b o t h  s e t s  o f  s p e c t r a  
a r e  r e c o r d e d  be l o w a s  nm ( £ 0 1 ) ,
C i r c u l a r  D l c h r o i s m  S p e c t r a  o f  t h e  9 e n z o m o r p h a n s  ( 7 ) . 
The cd  s p e c t r a  wer e  obt a i ned  i n  t h e  r e g i o n  3 2 5 - 2 1 0  nm f o r  
b o t h  t h e  a c i d  and b a s e  f o r ms  o f  t h e s e  c o mp o u n d s .  The s o l u ­
t i o n s  u t i l i z e d  f o r  t h e  uv and  o r d  s p e c t r a  wer e  a l s o  u s e d  
h e r e .  The i n i t i a l  c o n c e n t r a t i o n s  e x p r e s s e d  i n  g / c c  we r e  
1 , 1 - 3 , 3 ( 1 0 “ ^ ) .  The d a t a  a r e  r e c o r d e d  be l ow a s  nm ( [ [ f l ] ) .  
c r - ( - ) - 2 l - H y d r o x y - 2 t 5 t 9 - t r i m e t h y l - 6 t 7 - b e n z o m o r p h a n  ( 7 a ) .
F r e e  b a s e i
UV ( c  2 . 5 3 x l 0 “ 4 ) t  2 8 7 . 5  sh ( 2 1 5 0 ) ,  281 ( 2 4 0 0 ) ,
2 2 7 . 5  sh ( 5 7 0 0 ) ,  220 ( 6 2 4 0 ) .  F i q ,  1 7 .
CD ( c  5 . 8 4 x 1 0 " 5 ) i  302 ( 0 ° ) ,  2B8 . 5  ( - 4 0 8 0 ° ) ,
285 ( - 4 0 0 0 ° ) ,  282 ( - 4 4 4 0 ° ) ,  2 5 1 . 5  ( 0 ° ) ,  245 ( 0 ° ) ,  227 
( + 5 5 4 0 ° ) ,  214 ( 0 ° ) ,  210  ( - 6 6 2 0 ° ) .
RD ( c  5 . 0 6 x l 0 “ 5 ) t  325 ( - 1 2 4 0 ° ) ,  294 ( - 4 2 1 0 ° ) ,
279 ( 0 ° ) ,  2 6 8 , 5  ( + 1 0 5 0 ° ) ,  254 ( 0 ° ) ,  243 ( - 3 7 5 ° ) ,  230 ( 0 ° ) ,
2 2 7 . 5  i n f  ( - 5 4 5 0 ° ) ,  210  ( - 2 0 0 0 0 ° ) .  F i g .  19 .
RD ( R)  ( c  6 , 7 3 x 1 0” 4 ) t 288 ( - 3 4 1 0 ° ) ,  276 ( 0 ° ) ,
266 ( + 1 0 4 0 ° ) ,  236 ( + 2 2 0 ° ) .
HC1 a d d e d i
UV ( c  2 , 5 3 x l 0 ” 4 ) i 288 sh ( 2 0 3 0 ) ,  281 ( 2 3 2 0 ) ,  2 2 7 . 5  
( 6 3 6 0 ) ,  221 ( 6 1 2 0 ) .  F i g .  1 7 .
CD ( c  5 , 8 4 x l 0 " 5 ) i  302 ( 0 ° ) ,  289 sh ( - 4 1 6 0 ° ) ,
281 ( - 4 7 9 0 ° ) ,  276 sh  ( - 4 1 6 0 ° ) ,  253 ( 0 ° ) ,  2 4 4 . 5  ( 0 ° ) ,
2 2 7 . 5  ( + 1 1 1 0 0 ° ) ,  215 ( 0 ° ) ,  210 ( - 2 3 0 0 ° ) .
RD ( c  2 . 5 4 x l 0 " 5 ) t  325 ( - 1 5 0 0 ° ) ,  294 ( - 4 6 8 0 ° ) ,
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2 7 8 . 5  ( 0 ° ) f 2 6 8 . 5  ( + 1 0 6 0 ° ) ,  255 ( 0 ° ) ,  2 4 7 . 5  ( - 3 1 5 ° ) ,  245 ( 0 ° ) ,
2 3 5 . 5  ( + 2 2 4 0 ° ) ,  2 3 2 . 5  ( 0 ° ) ,  228 i n f  ( - 7 2 5 0 ° ) ,  212 i n f  ( - 1 7 8 0 0 ° ) ,  
207 , 5 ( - 2 2 3 0 0 ° ) ,  F i g .  1 9 .
8 " ( - ) - 2 , - H y d r o x y - 2 , 5 , 9 - t r l m e t h y l - 6 t 7 - b e n z o mo r p h a n » H B r  ( ) .
UV ( c  2 . 5 9 x1 0 _ 4 ) j 288 sh ( 2 0 0 0 ) ,  281 ( 2 2 7 0 ) ,  227
( 6 1 5 5 ) ,  2 2 0 . 5  ( 6 0 5 0 ) ,
CO ( c  e , 1 0 x l 0 “ 4 ) i  2 9 7 , 5  ( 0 ° ) ,  292 sh ( - 2 6 6 0 ^ ,
285 ( - 3 7 4 0 ° ) ,  261 ( 0 ° ) ,  245 ( 0 ° ) ,  228 ( + 8 0 2 0 ° ) ,  212 ( 0 ° ) ,
2 1 0  ( - 1 5 1 0 ° ) .
RD ( c  1 . 0 4 x 1 0“ 4 ) i 345 ( - 1 1 5 0 ° ) ,  293 ( - 3 9 7 0 ° ) ,
279 ( 0 ° ) ,  270 ( + 9 9 0 ° ) ,  250 ( + 1 9 3 ° ) ,  237 ( + 1 8 0 0 ° ) ,  232 ( 0 ° ) ,
225 ( - 7 0 0 0 ° ) .
RD (R)  ( c  3 . 0 2 x l 0 ” 4 ) j 289 ( - 2 7 2 0 ° ) ,  274 ( 0 ° ) ,
270 ( + 6 0 0 ° ) ,  255 ( + 3 0 0 ° ) ,  238 ( + 9 6 0 ° ) .
NH^OH a d d e d ;
UV ( c  2 , 5 9 x 1 0" 4 ) t 2 8 8 . 5  sh  ( 2 0 2 0 ) ,  282 ( 2 2 5 0 ) ,
228 sh  ( 5 4 4 0 ) ,  220 sh ( 6 1 1 0 ) .
CD ( c  S . l O x l O " 5 ) :  300 ( 0 ° ) ,  290 s h  ( - 2 9 8 0 ° ) ,
284 ( - 3 6 3 0 ° ) ,  260 ( 0 ° ) ,  233 ( 0 ° ) ,  222 ( + 2 9 4 0 ° ) ,  215 ( 0 ° ) ,
214 sh ( - 2 3 2 0 ° ) ,  210 ( - 6 1 0 0 ° ) .
RD ( c  2 , 5 9 x l 0 ~5 ) i 325 ( - 1 1 6 0 ° ) ,  294 ( - 3 4 4 0 ° ) ,
278 ( 0 ° ) ,  270  ( + 7 7 3 ° ) ,  254 ( 0 ° ) ,  236 ( - 2 0 8 0 ° ) ,  2 3 2 . 5  ( - 2 0 5 0 ° ) ,
210 ( 1 2 7 5 0 ° ) .
( T - ( - ) - 2 t - M e t h o x y - 2 , 5 , 9 - t r i m e t h y l - 6 , 7 - benzoin o r p h a n  »HBr ( 7c ) .
UV ( c  3 , 3 9 x 1 0“ 4 ) i 287 ( 2 0 4 D ) ,  279 ( 2 2 0 0 ) ,  227
( 8 0 0 0 ) ,  2 1 9 . 5  i n f  ( 6 9 6 0 ) .  F i g .  1 8 .
CD ( c  l . l O x l O - 4 )* 296 ( 0 ° ) ,  287 ( - 3 9 0 0 ° ) ,  283 ( - 3 4 9 0 ° ) ,
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2 7 8  ( - 4 1 1 0 ° ) ,  2 5 6  ( 0 ° ) ,  2 4 5  ( 0 ° ) ,  2 2 8  ( + 9 9 4 0 ° ) ,  2 1 7  ( 0 ° ) ,
210 ( - 4 3 2 0 ° ) .  F i g .  1 8 .
RD ( c  3-, 3 9 x 1 0 ” 5 ) t 325 ( - 1 2 4 0 ° ) ,  290 ( - 4 3 2 0 ° ) ,
2 8 6 . 5  i n f  ( - 2 3 6 0 ° ) ,  2 7 7 . 5  ( 0 ° ) ,  265 ( + 1 2 7 0 ° ) ,  2 4 7 . 5  ( + 4 7 0 ° ) ,
2 3 5 . 5  ( + 2 6 5 0 ° ) ,  232 ( 0 ° ) ,  229 i n f  ( - 3 3 0 0 ° ) ,  216 i n f  ( - 1 5 6 0 0 ° ) ,  
210 ( - 1 6 7 0 0 ° ) .  F i g ,  I B.
RD ( R)  ( c  1 , 2 9 x 1 0 " 4 ) i 207 ( - 4 1 9 0 ° ) ,  275 ( 0 ° ) ,
270 ( + 1 1 0 0 ° ) ,  250 ( + 1 5 5 ° ) ,  237 ( + 1 4 0 0 ° ) .
NH4 QH a d d e d i
IJV ( c  1 , 3 6 x 1 0” 4 ) 1 287 ( 2 0 4 0 ) ,  279 ( 2 2 5 0 ) ,  227 ( 7 0 8 0 ) ,  
2 2 0  ( 6 8 6 0 ) .
CD ( c  4 . 4 2 x l 0 " 5 ) i  297 ( 0 ° ) ,  282 ( - 5 0 2 0 ° ) ,  247 ( 0 ° ) ,
238 ( 0 ° ) ,  226 ( + 4 1 4 0 ° ) ,  2 1 7 . 5  ( 0 ° ) ,  210 ( - 7 7 5 0 ° ) ,
RD ( c  1 , 3 6 x 1 0 - 5 ) i  3 2 5  ( - 1 4 7 0 ° ) ,  2 9 1  ( - 4 5 6 0 ° ) ,
287 i n f  ( - 2 2 8 0 ° ) ,  283 i n f  ( - 2 1 3 0 ° ) ,  276 ( 0 ° ) ,  266 ( + 8 8 2 ° ) ,
250 ( 0 ° ) ,  245 ( - 5 1 5 ° ) ,  240 ( - 7 4 ° ) ,  209 ( - 1 9 4 0 0 ° ) ,  206 ( 0 ° ) .
RD (R)  ( c  1 . 2 9 x 1 0 “ 4 ) i  2 8 7  ( - 3 7 8 0 ° ) ,  2 7 8  ( 0 ° ) ,
270 ( + 1 4 7 0 ° ) ,  251 ( + 1 5 0 ° ) ,  240 ( + 7 7 5 ° ) ,
cr—( + ) - 2 ' - H y d r o x y - 2 - me t h y l - 5 , 9 - d i e t h y l - 6 , 7 - b e n ? o m o r p h a n  ( 7 d ) . 
F r e s  b a s e t
UV ( c  2 ,  5 4 x 1 0” 4 ) 1  288 sh ( 1 9 8 0 ) ,  282 ( 2 2 6 0 ) ,  228 sh
( 5 4 7 0 ) ,  220 ( 5 9 6 D) ,
CD ( c  1 . 3 2 x 1  O ' 4 ) t 304 ( 0 ° ) ,  290 sh  ( + 3 3 3 0 ° ) ,
2 8 2 . 5  ( + 3 8 2 0 ° ) ,  251 ( 0 ° ) ,  243 ( 0 ° ) ,  220 ( - 1 0 1 0 ° ) ,  210 ( 0 ° ) ,
210 ( + 9 7 0 0 ° ) .  F i g .  2 0 .
RD ( c  5 , 2 0 x l O " 5 ) 1  325 ( + 1 2 9 0 ° ) ,  294 ( + 3 0 8 0 ° ) ,
288 i n f  ( + 2 1 0 0 ° ) ,  279 ( 0 ° ) ,  2 7 2 , 5  ( - 6 0 6 ° ) ,  263  ( 0 ° ) ,  245 i n f
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+2000°  , 227 i n f  ( + 9 0 0 0 ° ) ,  215 ( + 1 7 5 0 0 ° ) .
RD (R)  ( c  I , l 3 x l 0 ‘ 3 )» 29D ( + 3 4 5 0 ° ) ,  280  i n f  ( + 1 9 5 0 ° ) ,
276 ( 0 ° ) ,  274 ( - 4 4 2 ° ) ,  268 ( 0 ° ) ,  245 ( + 1 7 7 0 ° ) .
HC1 a d d e d >
UU ( c  2 . 5 4 x 1 0 " 4 ) i  2 8 8  sh ( 2 0 1 0 ) ,  2 8 1  ( 2 2 6 0 ) ,  2 2 7 . 5
( 6 1 0 0 ) ,  2 2 1  ( 5 9 1 0 ) .
CD ( c  6 . 6 0 x l Q ’ 5 ) t  300 ( 0 ° ) ,  289 sh ( + 3 2 6 0 ° ) ,  2 8 2 . 5
( + 3 7 3 0 ° ) ,  2 7 7 . 5  sh ( + 3 3 0 0 ° ) ,  256 ( 0 ° ) ,  242 ( 0 ° ) ,  232 ( - 5 9 0 0 ° ) ,
2 3 0 . 5  ( - 5 6 3 0 ° ) ,  228  ( - 6 3 0 0 ° ) ,  218 ( 0 ° ) ,  216 s h  ( + 1 7 7 0 ° ) ,
210 ( + 3 7 0 0 ° ) ,  F i g .  2 0 .
RD ( c  2 , 5 4 x 1 0 “ 5 ) «  325 ( + 1 2 6 0 ° ) ,  294 ( + 4 0 6 0 ° ) ,  278
( 0 ° ) ,  2 7 2 . 5  ( - 8 2 6 ° ) ,  258 ( 0 ° ) ,  245 ( + 8 2 6 ° ) ,  237 ( + 2 0 0 ° ) ,
213 s h  ( + 1 8 0 0 0 ° ) ,  210 ( + 2 2 0 0 0 ° ) ,
p - ( - ) - 2 1 - H y d r o x y - 2 - m e t h y l - 5 , 9 - d i e t h y l - 6 , 7 - b e n 2 omorphan  ( 7 d ) .
UV ( c  2 . 5 2 x l 0 “ 4 ) t  288 sh ( 2 0 5 0 ) ,  2 8 1 . 5  ( 2 3 3 0 ) ,
228 sh  ( 5 7 1 0 ) ,  220  ( 6 2 4 5 ) .
CD ( c  1 , 3 1 x 1 0” 4 ) i 302 .5 ( 0 ° ) ,  291 sh ( - 3 3 0 0 ° ) ,
283 ( - 3 9 1 0 ° ) ,  252 ( 0 ° ) ,  238 ( 0 ° ) ,  228 ( + 1 1 8 0 ° ) ,  220 ( 0 ° ) ,
2 1 7 . 5  sh ( - 4 7 0 ° ) ,  215 ( - 1 5 0 0 ° ) .
RD ( c  5 . 0 4 x 1 0 * 5 ) i  3 2 5  ( - 2 8 4 0 ° ) ,  2 9 4  ( - 3 9 1 0 ° ) ,
278 ( 0 ° ) ,  270  ( + 7 3 5 ° ) ,  261 ( 0 ° ) ,  235 i n f  ( - 2 9 8 0 ° ) ,
215 ( - 1 5 6 0 0 ° ) ,
RD (R)  ( c  5 , 9 0 x 1 0 " 4 ) i 293 ( - 3 9 7 0 ° ) ,  285 i n f  ( - 2 4 5 0 ° ) ,  
278 ( 0 ° ) ,  270 ( + 2 5 0 ° ) ,  259 ( 0 ° ) ,  240 ( - 2 5 4 0 ° ) .
HC1 a d d e d t
UV ( c  2 , 5 2 x 1 0~4 ) i 2 0 7 . 5  ( 2 1 4 0 ) ,  2 8 0 . 5  ( 2 4 0 0 ) ,  227 
( 6 4 6 0 ) ,  220 ( 6 3 0 0 ) .
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CD ( c  6 . 5 6 x l 0 ” 5 ) t  299 ( 0 ° ) ,  292 sh ( - 3 4 0 0 ° ) ,  282
( - 4 7 B 0 ° ) ,  246 ( 0 ° ) ,  241 ( 0 ° ) ,  230  ( + 4 7 0 0 ° ) ,  221 ( 0 ° ) ,
2 1 4 . 5  ( - 3 2 8 0 ° ) ,  2 1 2 . 5  ( - 3 3 2 0 ° ) ,  210 ( -4 2 3 0 ° ) .
RD ( c  2 , 5 2 x 1 0 " 5 ) i 325 ( - 1 2 7 0 ° ) ,  294 ( - 4 0 4 0 ° ) ,
286 i n f  ( - 1 9 4 0 ° ) ,  203 i n f  ( - 1 5 9 0 ° ) ,  279 ( 0 ° ) ,  272 ( + 1 0 0 0 ° ) ,
257 ( 0 ° ) ,  242 ( - 7 5 5 ° ) ,  237 ( - 3 5 7 ° ) ,  221 ( - 1 3 0 0 0 ° ) ,  2 1 7 . 5  
( - 1 3 3 0 0 ° ) ,  215 ( - 1 5 0 0 0 ° ) .
8 - ( - ) - 2 * - H y d r o x y - 2 - m e t h y l - 5 , 9 - d i e t h y l - 6 , 7 - b e n z o m o r p h a n  ( 7 e ) .
UU ( c  1 . 9 4 x 1 0 “ 4 ) i  288 sh ( 2 0 1 0 ) ,  282 ( 2 3 1 0 ) ,  230 i n f
( 5 3 1 0 ) ,  221 ( 6 4 6 0 ) .
CD ( c  1 , 2 6 x 1 0” 4 ) j 306 ( 0 ° ) ,  292 . 5  sh ( - 3 0 3 0 ° ) ,
2 8 4 . 5  ( - 3 8 5 0 ° ) ,  254 ( 0 ° ) ,  253 ( 0 ° ) ,  2 2 7 . 5  ( + 2 8 8 0 ° ) ,  216 ( 0 ° ) ,  
210 ( - 4 9 0 0 ° ) .  F i g .  2 1 .
RD ( c  4 , 8 6 x 1 0 - 5 ) i  325 ( - 1 9 5 0 ° ) ,  295 ( - 4 4 2 0 ° ) ,
2 7 4 . 5  ( 0 ° ) ,  270 ( + 2 2 6 ° ) ,  262 ( 0 ° ) ,  255 i n f  ( - 3 0 8 ° ) ,  240 i n f  
( - 1 1 3 0 ° ) ,  210 ( - 1 1 0 0 0 ° ) .
RD ( R)  ( c  1 . 9 6 x 1 0 - 3 ) i  2 8 8  ( - 2 4 2 0 ° ) ,  2 7 6  ( 0 ° ) ,
263 ( + 1 1 5 0 ° ) ,  240 ( + 7 6 5 ° ) .
HC1 a d r i e d i
IJV ( c  1 , 9 4 x 1 0“ 4 ) j 288 sh ( 2 1 2 5 ) ,  2 8 1 . 5  ( 2 3 7 0 ) ,
2 2 7 . 5  sh  ( 6 0 8 0 ) ,  2 2 0 . 5  ( 6 3 1 5 ) .
CD ( c  5 . 0 4 x l 0 “ 5 ) i  2 9 7 , 5  ( 0 ° ) ,  283 ( - 4 6 3 0 ° ) ,  260 ( 0 ° ) ,
2 4 0 . 5  ( 0 ° ) ,  228 ( + 1 1 4 0 ° ) ,  215 ( + 1 8 0 0 ° ) ,  210  ( + 2 5 2 0 ° ) .  F i g .  2 1 .
RD ( c  1 . 9 4 x 1 0 - 5 ) j  325 ( - 9 2 7 ° ) ,  294 ( - 3 8 1 0 ° ) ,  282 ( 0 ° ) ,  
270 ( + 1 7 0 0 ° ) ,  252 ( + 8 7 5 ° ) ,  237 ( + 3 6 8 0 ° ) ,  231 ( 0 ° ) ,  218 
( - 8 9 6 0 ° ) ,  213 ( - 0 6 5 0 ° ) ,  2 0 7 . 5  ( - 8 9 0 0 ° ) ,
o - ( - ) - 2 ' - H y d r o x y - 5 , 9 - d l f l i e t h v l - 2 - p h e n e t h y l - 6 , 7 - b e n z o m o r -  
phan»HBr  ( 7 f ) .
128
LIU ( c  1 . 6 7 x1 0 _ 4 ) i 288 sh ( 2 0 5 0 ) ,  261 ( 2 3 2 0 ) ,  2 6 3 . 5  sh
( 9 2 0 ) ,  2 5 7 . 5  sh ( 6 4 5 ) ,  252 sh ( 4 5 4 ) ,  247 sh  ( 3 5 8 ) ,  2 2 7 . 5  
( 6 3 0 0 ) .
CD ( c  1 , 4 7 x 1 0 " 5 ) i  298 ( 0 ° ) ,  291 s h  ( - 3 1 2 0 ° ) ,  282
( - 3 9 0 0 ° ) ,  256 ( 0 ° ) ,  244 ( 0 ° ) ,  228 ( + 4 9 1 0 ° ) ,  272 ( 0 ° ) ,
220 ( - 1 6 5 0 ° ) ,  F i g .  2 2 .
RD ( c  3 . 3 5 x 1 0 - 5 ) ,  325 ( - 2 4 6 0 ° ) ,  294 ( - 6 4 0 0 ° ) ,
284 i n f  ( - 3 4 8 0 ° ) ,  272 . 5  ( - 1 1 5 0 ° ) ,  240 i n f  ( - 5050° ) ,  2 3 6 . 5  i n f  
( - 5 4 5 0 ° ) ,  224 i n f  ( - 1 8 0 0 0 ° ) ,  211 i n f  ( - 2 9 7 0 0 ° ) ,  210 ( - 3 3 0 0 0 ° ) .  
F i g .  2 3 .
RD ( R)  ( c  3 . 7 0 x l 0 " 4 )» 268 ( - 6 3 5 0 ° ) ,  273 ( - 1 9 0 0 ° ) ,
240 ( - 5 1 3 0 ° )  , 238 ( - 5 1 3 0 ° ) .
MH^QH a d d e d :
UV ( c  1 , 6 7 x l 0 - 4 ) :  2 8 8 . 5  sh ( 1 9 9 0 ) ,  2 8 1 . 5  ( 2 2 4 0 ) ,
2 6 7 . 5  sh ( 1 0 9 0 ) ,  264 ( 8 2 5 ) ,  2 5 7 , 5  ( 5 4 9 ) ,  252 sh ( 3 9 4 ) ,
229 i n f  ( 6 1 4 0 ) .
CD ( c  6 . 7 3 x 1 0 " 5 ) i  298 ( 0 ° ) ,  2B9 ( - 3 6 0 0 ° ) ,  287
( - 3 4 8 0 ° ) ,  2e4  ( - 3 9 6 0 ° ) ,  2 8 2 . 5  ( - 3 8 3 0 ° ) ,  281 ( - 3 9 6 0 ° ) ,
255 ( 0 ° ) ,  2 4 1 . 5  ( 0 ° ) ,  231 ( - 2 9 4 0 ° ) ,  225 ( - 1 8 0 0 ° ) ,  215 
( - 1 0 6 0 0 ° ) .  F i g .  22 .
RD ( c  1 . 6 8 x l 0 " 5 ) t  325 ( - 2 5 6 0 ° ) ,  294 ( - 5 5 4 0 ° ) ,
2 8 2 . 5  i n f  ( - 3 0 9 0 ° ) ,  275 ( - 1 1 9 0 ° ) ,  2 3 5 . 5  ( - 9 4 6 0 ° ) ,  231 
( - 8 9 3 0 ° ) ,  215 ( - 2 3 0 0 0 ° ) ,  F i g .  2 3 .
C- (  + ) - 2  *-111 e t h o x y - 5 . 9 - d i m e t h y l - 2 - p h e n e t h y l - 6 . 7 - b e n z o m o r -  
phan«HBr  ( 7 q ) .
UU ( c  1 , 7 5 x l 0 “ 4 ) : 2 . 8 6  ( 2 0 2 0 ) ,  2 7 8 . 5  ( 2 1 7 0 ) ,  264  sh
( 9 4 3 ) ,  2 5 7 . 5  sh ( 5 9 5 ) ,  2 5 1 . 5  ( 3 6 0 ) ,  247 i n f  ( 2 0 0 ) ,  227 ( 8 5 5 0 ) .
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CO ( £  7 , 2 6 x 1 0 ” ^ ) :  296 ( 0 ° ) ,  288 ( + 3 5 0 0 ° ) ,  2 8 3 . 5
( + 3 1 5 0 ° ) ,  2 7 9 . 5  ( + 3 7 0 0 ° ) ,  258 ( 0 ° ) ,  23B ( 0 ° ) ,  231 ( - 4 1 0 0 ° ) ,
223 ( 0 ° ) ,  210 ( + 1 8 0 0 0 ° ) .
RD ( c  1 . 7 5 x 1 0 " 5 ) j  3 2 5  ( + 2 5 1 0 ° ) ,  2 9 0 . 5  ( + 6 4 0 0 ° ) ,
2 8 4 . 5  ( + 4 2 2 0 ° ) ,  2 8 2 . 5  ( + 4 7 0 0 ° ) ,  269 ( + 8 5 5 ° ) ,  243 ( + 5 4 2 0 ° ) ,
2 2 4  i n f  ( + 2 0 0 0 0 ° ) ,  2 1 7  i n f  ( + 2 5 0 0 0 ° ) ,  2 1 5  ( + 2 7 0 0 0 ° ) .
RD (R)  ( c  l . ? ? x i n - 4 ) t  285 ( + 6 2 3 0 ° ) ,  272 ( + 1 4 7 0 ° ) ,
239 ( + 5 9 8 0 ° ) ,  236 ( + 5 4 0 0 ° ) ,
NHa QH a d d e d t
UV c 1 . 7 5 x 1 0 - 4 ) i  2 8 7 , 5  sh ( 2 0 6 0 ) ,  280 ( 2 2 7 0 ) ,
2 6 7 . 5  s h  ( 1 2 6 3 ) ,  2 6 4  sh ( 9 4 3 ) ,  2 5 8 , 5  s h  ( 6 6 0 ) ,  2 5 3  sh  ( 4 5 1 ) ,  
2 2 8  s h  ( 8 0 3 0 ) .
CO ( c  7 , 2 6 x 1 0 - 5 ) j  2 9 3 . 5  ( 0 ° ) ,  2 8 7 . 5  ( + 3 1 0 0 ° ) ,
2 8 4  ( + 2 9 8 0 ° ) ,  2 8 1  ( + 3 9 6 0 ° ) ,  2 5 4  ( 0 ° ) ,  2 4 7  ( 0 ° ) ,  2 2 8  ( + 4 7 4 0 ° ) ,  
2 2 7  ( + 4 4 2 0 ° ) ,  2 1 5  ( + 1 0 9 0 0 ° ) ,
RD ( c  1 . 7 5 x l 0 ' 5 ) :  325 ( + 2 3 4 0 ° ) ,  293 ( + 5 7 2 0 ° ) ,
2 8 3  i n f  ( + 3 6 6 0 ° ) ,  2 7 1 . 5  ( + 1 0 3 0 ° ) ,  2 3 2 , 5  ( + 1 0 6 0 0 ° ) ,  2 2 7 . 5  
( + 9 8 2 0 ° ) ,  2 1 5  ( + 1 8 5 0 0 ° ) .
g - ( - ) - 2 ' - W e t h o x y - S , 9 - d i m e t h y 1 - 2 - p h e n e t h y l - 6 . 7 - b e n z o m o r -  
phan«HBr  ( 7 q ) .
UV ( c  1 . 5 9 x l 0 “ 4 ) i  285 , 5  ( 2 1 0 0 ) ,  2 7 5 , 5  ( 2 3 0 0 ) ,
2 6 3 . 5  s h  ( 1 0 7 9 ) ,  2 5 7 . 5  sh ( 7 3 8 ) ,  252 sh ( 4 8 0 ) ,  227 ( 8 5 1 0 ) .
CD ( c  6 , 6 1 x l 0 " 5 ) i  296 ( 0 ° ) ,  2 8 7 . 5  ( - 3 8 4 0 ° ) ,  284
( - 3 6 5 0 ° ) ,  279 ( - 4 1 0 0 ° ) ,  257 ( 0 ° ) ,  2 3 7 . 5  ( 0 ° ) ,  229 ( + 3 2 8 0 ° ) ,  
223 ( 0 ° ) ,  217 ( - 1 1 0 0 0 ° ) ,  215 ( - 1 0 3 0 0 ° ) ,  213 ( - 1 1 9 0 0 ° ) ,
RD ( c  1 , 5 8 x 1 0 " 5 ) i  3 2 5  ( - 2 4 0 0 ° ) ,  2 9 0  ( - 6 1 4 0 ° ) ,
287 i n f  ( - 4 4 3 0 ° ) ,  271 ( - 1 1 4 0 ° ) ,  236 i n f  ( - 6 4 5 0 ° ) ,  2 1 7 . 5
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( - 2 6 0 0 0 ° ) ,  216 ( - 2 5 1 0 0 ° ) ,  215 ( - 2 6 6 0 0 ° ) .
RD (R)  ( c 1 . 4 5 x 1 0 “ 4 ) :  288 ( - 5 8 0 0 ° ) ,  266 ( - 1 9 7 0 ° ) ,
236 ( - 5 2 4 0 ° ) ,
NH/jOH a d d e d t
01/ ( c  1 . 5 9 x 1  O'*4 ) t 2 8 7 , 5  ( 2 1 2 0 ) ,  2 7 9 . 5  ( 2 3 7 0 ) ,
268 sh  ( 1 4 2 0 ) ,  264 sh ( 1 1 0 0 ) ,  258 sh  ( 7 5 6 ) ,  2 5 2 . 5  sh ( 5 4 2 ) ,
226 ( 7 9 5 0 ) .
CD (c  6 . 6 1 x l 0 - 5 )* 297 ( 0 ° ) ,  268 ( - 3 5 9 0 ° ) ,  286
( - 3 2 2 0 ° ) ,  280 ( - 4 0 3 0 ° ) ,  256 ( 0 ° ) ,  247 ( 0 ° ) ,  231 ( - 5 7 4 0 ° ) ,
225 ( - 5 5 5 0 ° ) ,  218 ( - 1 0 7 0 0 ° ) ,  217 ( - 9 8 1 0 ° ) ,  215 ( - 1 1 8 0 0 ° ) ,
RD ( c  1 . 5 8 x l 0 “ 5 ) :  3 2 5  ( - 2 0 2 0 ° ) ,  291 ( - 6 0 7 0 ° ) ,
270 ( - 1 8 4 0 ° ) ,  233 ( - 1 1 0 0 0 ° ) ,  230 ( - 1 0 5 0 0 ° ) ,  215 ( - 2 1 0 0 0 ° ) .  
( - ) - 2  * - H y d r Q x y - 5 , 9 - d i e t h y l - 6 , 7 - b e n z o m o r p h a n  ( 7 h ) ,
UV ( c  2 . Ql x l  O"*4 ) i 288 sh ( 2 2 0 0 ) ,  282 ( 2 5 0 0 ) ,
227 sh  ( 6 4 2 0 ) ,  221 ( 6 5 1 0 ) .
CD ( c  4 . 9 2 x l 0 - 5 )* 300 ( 0 ° ) ,  2 e 5  ( - 3 5 4 0 ° ) ,  255 ( 0 ° ) ,
238 ( 0 ° ) ,  229 ( + 3 8 4 0 ° ) ,  2 2 1 . 5  ( 0 ° ) ,  2 1 6 . 5  ( - 2 9 4 0 ° ) ,  215 
( - 2 4 4 0 ° ) .
RD ( c  5 . 0 2 x 1 0 “ 5 ) i  3 3 0  ( - 9 9 5 ° ) ,  2 9 3  ( - 3 1 4 0 ° ) ,
283 i n f  ( - 1 2 3 0 ° ) ,  272 ( - 6 0 ° ) ,  2 4 2 . 5  ( - 1 8 0 0 ° ) ,  230 ( - 1 7 0 0 ° ) ,  
220 i n f  ( - 1 3 0 0 0 ° ) ,  210 ( - 2 2 0 0 0 ° ) .
RD (R)  ( c  1 , 7 8 x l 0 “ 4 ) i  289 ( - 3 3 7 0 ° ) ,  2 7 2 . 5  ( - 6 7 4 ° ) ,  
238 ( - 2 7 0 0 ° ) .
HC1 a r i d e d i
IH/ ( c  2 .  O l x l O " 4 )« 288 , 5  s h  ( 2 2 8 0 ) ,  281 ( 2 6 4 0 ) ,
2 2 7 . 5  ( 7 0 2 0 ) ,  2 2 0 . 5  ( 6 0 4 0 ) .
CD ( c  4 . 9 2 x 1 0 - 5 ) i  298 ( 0 ° ) ,  283 ( - 3 5 0 0 ° ) ,  257 ( 0 ° ) ,
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2 4 0 . 5  ( 0 ° ) ,  229 ( + 5 0 0 0 ° ) ,  218 ( 0 ° ) ,  214 ( - 2 4 0 0 ° ) ,  212 
( - 2 2 5 0 ° ) ,  210 ( - 3 7 0 0 ° ) .
RD ( c  2 . 0 0 x l 0 " 5 ) l 325 ( - 1 3 5 0 ° ) ,  293 ( - 4 0 0 0 ° ) ,
277 ( 0 ° ) ,  271 ( + 3 5 0 ° ) ,  2 6 3 . 5  ( 0 ° ) ,  2 4 2 , 5  ( - 1 5 0 0 ° ) ,  238 
( - 1 1 0 0 ° ) ,  220  i n f  ( - 1 3 0 0 0 ° ) ,  210 ( - 2 2 0 0 0 ° ) ,
Low Wave L e n g t h  QRD a nd  CD S p e c t r a  o f  h - ( -  ) - 2  1 -  
Hy d r o x y - 2  , 5 , 9 - t r i m e t h y l  b e n z o mo r p h a n  Hy d r o b r o mi  de ( 7 b ) . The 
n i t r o g e n  f l o w  i n t o  t h e  Ca r y  60 was q r e a t l y  i n c r e a s e d  t o  p u r g e  
r e s i d u a l  a mo u n t s  o f  a i r  f rom t h e  i n s t r u m e n t ,  A good b a s e ­
l i n e  ( w a t e r )  was o b t a i n e d  i n  b o t h  t h e  o r d  and  cd modes  f rom 
3 3 0 - 1 9 5  nm.  Somewhat  l e s s  r e l i a b l e ,  b u t  t o l e r a b l e ,  b a s e l i n e s  
were  o b t a i n e d  b e t we e n  195 and  1P5 nm.  The o r d ,  i n i t i a l  c o n c n
1 , 4 5 x 1 0 " ^  m o l / 1 0 0  ml ,  and  t h e  c d ,  i n i t i a l  c o n c n  4 , 5 2 x 1 0 “ ^
g / c c ,  s p e c t r a  were  d e t e r m i n e d  f rom 33Q tD 186 nm.  The d a t a  
a r e  r e c o r d e d  a s  nm ( £ 0 1 ) and  nm
f - ( - ) - 2 , - H y d r o x y - 2 , 5 , 9 - t r i m e t h y l - 6 , 7 - b e n z o m o r p h a n « H B r  ( 7 b )
CD ( c  4 , 5 2 x l 0 - 5 , H2 0 ) t 296 ( 0 ° ) ,  2 8 6 . 5  ( - 3 1 5 0 ° ) ,
2 8 2 . 5  ( - 2 9 0 0 ° ) ,  279 ( - 3 5 2 0 ° ) ,  256 ( 0 ° ) ,  241 ( 0 ° ) ,  2 2 5 . 5  
( + 7 2 5 0 ° ) ,  2 1 3 . 5  ( 0 ° ) ,  210 ( - 1 5 7 0 ° ) ,  206 ( 0 ° ) ,  2 0 3 , 5  ( + 1 5 7 0 ° ) ,
202 ( 0 ° ) ,  ( c  1 . 8 1 x l 0 “ 5 ) :  240 ( 0 ° ) ,  2 2 5 . 5  ( + 7 2 5 0 ° ) ,  2 1 3 . 5
( 0 ° ) ,  209 ( - 1 9 0 0 ° ) ,  206 ( 0 ° ) ,  2 0 3 . 5  ( + 1 3 8 0 ° ) ,  202 ( 0 ° ) *
( c  3 . 6 2 x 1 0 “ ® ) t 202 ( 0 ° ) ,  194 ( - 5 4 7 0 0 ° ) ,  192 ( - 4 7 0 0 0 ° ) ,
188 ( - 5 4 7 0 0 ° ) ,  185 ( 0 ° ) .  F i q .  2 4 .
RD ( c  l , 4 5 x l 0 " 4 , H2 D)i  330 ( - 9 7 2 ^ ,  290 ( - 3 1 3 0 ° ) ,
285 i n f  ( - 2 0 7 0 ° ) ,  283 i n f  ( - 1 5 9 0 ° ) ,  280 i n f  ( - 1 0 1 0 ° ) ,
276 ( 0 ° ) ,  267 ( + 6 7 2 ° ) ,  253 ( 0 ° ) ,  2 4 7 . 5  ( - 1 6 6 ° ) ,  242 ( 0 ° ) ,
2 3 3  ( + 1 1 1 0 ° ) ,  2 2 9  ( 0 ° ) ,  ( c  5 . 7 9 x 1 0 " 6 ) i  2 2 9  ( 0 ° ) ,
2 7 5  i n f  ( - 6 0 4 0 ° ) ,  2 2 2 . 5  i n f  ( - 7 9 3 0 ° ) ,  2 1 0  i n f  ( - 1 2 2 0 0 ° ) ,  
2 1 0  i n f  ( - 1 2 9 0 0 ° ) j ( c  1 . 1 6 x 1 0 " 6 ) j  2 0 6 , 5  ( - 1 5 5 0 0 ° ) ,
1 9 7 , 5  ( - 5 1 7 0 0 ° ) ,  1 9 1  ( 0 ° ) ,  1 R 7 . 5  i n f  ( + 2 5 0 0 0 ° ) ,  1 6 6  
( + 2 7 6 0 0 ° ) ,  F i g .  2 4 .
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summary
The 6 , 7 - b e n z o m o r p h a n  ( 7 )  a n a l o g ,  3 - m e t h y l - 6 , 7 - b e n z o -
3 - a z a b i c y c l o Q 3 . 3 , l ”| n o n e n - 9 - o n e  (31_) ( n i t r o g e n  a t  p o s i t i o n  3
i n s t e a d  o f  2 ) ,  was p r e p a r e d  v i a  t h e  Manni ch  r e a c t i o n  w i t h  p-
t e t r a l a n e ,  CH^NHj and  HCHO, R e s o l u t i o n  was a c c o m p l i s h e d  w i t h
( + ) - t a r t a r i c  a c i d .  The u v ,  o r d ,  and  cd  s p e c t r a  were  d e t e r m i n e d
i n  v a r i o u s  s o l v e n t s  and  a r e  d i s c u s s e d .  The uv s p e c t r a  g i v e
e v i d e n c e  o f  h o m o c o n j u g a t i o n  o f  t h e  p , y - u n s a t u r a t e d  k e t o n e  
EPA( ^290* 6  1 1 7 0 ) ,  b u t  o r d  a nd  cd s p e c t r a  o i v e  l i t t l e  s u p p o r t  
t o  t h i s  ( C6 ~I§o2 + 5 7 2 ° ) ‘
An a l t e r n a t e  s y n t h e t i c  r o u t e  t o  3 - m e t h y l - 6 , 7 - b e n z o -  
3 - a z a b i c y c l o [ [ 3 . 3 . 1 ~ | n o n e n e  (_17) was a t t e m p t e d ,  t h e  f i r s t  s t e p  
b e i n g  an  a l d o l  c o n d e n s a t i o n  o f  1 - m e t h y l - 4 - p i  p e r i  done  and  
b e n z a l d e h y d e . T h i s  g a v e  b o t h  g e o m e t r i c a l  i s o m e r s  o f  1 - m e t h y l -  
3 - b e n z y l - 4 - p i  p e r i  done  ( .15)# b o t h  i s o m e r s  e x i s t  p r e f e r e n t i a l l y  
i n  t h e  e n o l  f o r m .  A t t e m p t e d  r e d u c t i o n  o f  15a  t o  l - m e t h y l - 3 -  
b e n z y l - 4 - p i p e r i d i n o l  (.1.6 ) by s e v e r a l  r o u t e s  g a v e  p r o d u c t s  
whi ch  a p p e a r e d  t o  t r a p  o r  o c c l u d e  h y d r o c a r b o n  s o l v e n t s  f rom 
whi ch  t h e y  c o u l d  be s e p a r a t e d  o n l y  by s t r o n g  h e a t i n g .  At ­
t e m p t e d  c y c l i z a t i o n  o f  .16. t o  17. w i t h  PPA a n d  w i t h  P^O^ g 
gave  o n l y  u n s a t u r a t e d  p r o d u c t s .
The o r d ,  c d ,  and  uv s p e c t r a  o f  a s e r i e s  o f  d e r i v ­
a t i v e s  o f  6 , 7 - b e n z o m o r p h a n  (7.) w e r e  r e c o r d e d  f o r  t h e  f r e e  
b a s e s  and  h y d r o h a l i d e  s a l t s .  I n  a n o r ma l  c d  s p e c t r u m  t h e  
c ompounds  B x h i b i t  a l o n g  wave l e n g t h  C o t t o n  e f f e c t  n e a r  
280 nm and  a s e c o n d ,  a n t i p o d a l  C o t t o n  e f f e c t  n e a r  230  nm.
134
The o n l y  e x c e p t i o n s  uiere t h e  b a s e  f o r ms  o f  t h e  p h e n e t h y l  
d e r i v a t i v e s  7_f a n d  7 ^  i n  whi ch  t h e  230 nm band  was o f  " a b n o r ­
ma l "  s i g n .  The o r d  a nd  cd s p e c t r a  o f  7_b.H9r were  r e c o r d e d  
f rom 3 2 9 - 1 9 5  nm. I n  b o t h  modes  an i n t e n s e  C o t t o n  e f f e c t  
was o b s e r v e d  a t  188 nm - 5 4 0 0 0 ° ) .
A s e c t o r  r u l e  f o r  t h e  p h e n y l  c h r o m o p h o r e  was 
p o s t u l a t e d  f o r  t h e  l o n q  wave l e n g t h  C o t t o n  e f f e c t  a t  280 nm, 
T h i s  was a p p l i e d  t o  a number  o f  m o r p h i n a n  a nd  m o r p h i n e  
d e r i v a t i v e s  a nd  g a v e  c o r r e c t  p r e d i c t i o n s  i n  e v e r y  c a s e .
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APPENDIX
The C>-i ine r o t a t i o n s  o f  s e v e r a l  o f  t h e  6 , 7 - b e n z o -  
morphan  d e r i v a t i v e s  d i s c u s s e d  i n  t h i s  t h e s i s  h a v e  n o t  been 
r e p o r t e d  i n  t h e  l i t e r a t u r e .  Bel ow a r e  l i s t e d  l i t e r a t u r e  
v a l u e s  and  v a l u e s  t a k e n  f rom o r d  s p e c t r a  f rom t h e  Ca r y  6 0 ,  
v a l u e s  a r e  a l s o  r e p o r t e d *  t h e  c o n c e n t r a t i o n s  
( g / 1 0 0  m l ) ,  a l l  i n  m e t h a n o l ,  a r e  t h e  same f o r  b o t h  v a l u e s .
Compound i—
i 
Q O ( l i t . ) [ o ] D Ca r y  60 M 5 4 6  Ca r y  60 C oncn
- 7 a ( b a s e ) - 8 4 . 8 ° ( c 0 , 0 9 ,  E10 H ) d - 1 0 8 ° - 1 2 9 ° 0 . 1 4 6
( - - 7 b (H8 r ) - 4 7  . 2 ° ( £ 0 . 9 ,  H2 0 ) a - 5 9 ° - 7 2 ° 0 . 2 0 2
( - - 7 c (H6 r ) - 5 0 , 5 ° ( £ 1 , 1 , H2 0 ) b - 6 4 ° - 7 2 ° 0 . 1 1 0
( + - 7 d ( b a s e ) + 5 9 . 0 ° ( c 0 , 5 5 ,  Et OH) c + 6  3° +76° 0 . 1 6 5
( - - 7 d ( b a s e ) - 6 1 . 5 ° ( £ 0 , 5 5 ,  Et OH) C - 6 3 ° - 7 7 ° 0 . 3 2 3
C - - 7 e ( b a s e ) - 5 6 . 8 ° ( £ 2 . 5 ,  WeCH ) b - 6 8 ° - 7 8 ° 0 , 1 2 6
( - - 7 f ( HS r ) - 8 1  . 4 ° (c 1 . 1 2 ,  E t 0 H ) d - 9 7 ° - 1 1 4 ° 0 . 1 6 5
( + - I s ( H e r ) + 7 8 . 6 ° ( s 1 . 6 ,  EtOH ) b +92° + 117° 0 . 1 8 2
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